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With the — 

TAG-Heppenstall Moisture Meter 

you can NOW GUARANTEI 
Moisture Content 


[he true measure of the worth of any instrument is t 
found in what its users have to say about its performa 


in everyday operation. 


tne 
....are but a few of the comments by users of the TA 
Heppenstall Moisture Meter which tell a more convin 
story than “clever” and persuasive advertising copy. 


C. J. TAGLIABUE MBG. CO., 
Park & Nostrand Aves., Brooklyn, N. Y. 





Please send me, without obligation, Bulletin 1-985. 
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ADDRESS 
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J TEE ; Is your plant making use of Steel? It is, 


wherever there are High Pressures—High 


yn tent Temperatures—Inflammable Fluids. 


it is to} - Pan ; 
— [These conditions that demand Steel should 


‘format 


require Steel Specifications when Pressure 


Gauges are considered. 


Because of this, it will pay you to investigate 
the new Foxboro Pressure Gauges. The 
reason—Stee! Construction—Steel Helical 
Spring—all Welded Connections. 


For Safety First and Greater Gauge Satisfac- 
tion write today to Dept. A. E. for your cop 
of Bulletin 168. It tells the complete story. 


THE FOXBORO COMPANY 
FOXBORO - MASSACHUSETTS 


New York Pittsburgh 
Detroit Rochester, N.Y. 


San Francisco P : Shins 
Chicago GSS 
S PAT. OFF Cleveland Los Angeles 


REG U 
THE COMPASS OF /NDUSTRY anaes Dallas 
Philadelphia Atlanta 
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nstruments for Controlling, Recording and Indicating Temperature, Flow, 


Humidity and Pressure. 
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Portable Instruments 
for Precision Testing 


For many years, because of the depend- Wattmeter. It is nominally furnished 
ability and accuracy of the Weston Elec- with double potential and current ranges 
trodynamometer portable instruments, but because of its high overload capacity 
they have been the accepted standard it provides a much wider range of readings 
equipment for than is obtainable with any other instru 

ment of similar design that the market 


Transfer Instruments from D. C, 
t { 4 = offers. Also full 
o . . 


scale deflection can be 
obtained at low power factor which is a 
ieceptance and Maintenance tremendous further advantage accruing 
Tests of Equipment. from its high overload capacity. 
Certified Tests and Checking hese instruments have an accuracy of 
Manufacturers Products. 1, of 1% except the polyphase wattmeter 
Sub-Standards for Checking In- which has an accuracy of 4 of 1%—they 
struments of Lower Accuracy. are fully shielded from the effect of ex 
ternal magnetic fields and are provided 
This group of A. C. and D. C. instru- with knife-edge pointers and_= mirror 
ments consists of Model 370 Ammeters, scales 5'4 inches long. 
Model 341 Voltmeters, Model 329 Poly- Each instrument is furnished with a 
phase Wattmeters and Model 310 D. C. certificate of guarantee from the Weston 
and Single Phase A. CC. Wattmeters. Laboratories and the wattmeters § ar¢ 
Particular attention provided with com 
is directed to the un- f Sie plete leather bound 
usual characteristics wes Ons > instruction]books 
of the Model 310 4 


PIONEERS 
SINCE 1888 


Orne 








WESTON ELECTRICAL INSTRUMENT CORPORATION 
591 Frelinghuysen Ave. Newark, N. J. 
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Brown Model 253 
High Pressure Man- 
ometerwith 6 easily 


changed range tubes. 


in change the range of a Brown Electric Flow 


Meter is as easy as replacing a chart. 


Just change the range tube—the same manometer 
is used—the same orifice. No shutdowns—no ex- 
pensive new equipment—no trouble. 


Investigate this exceptional Flow Meter. It has 
many features of special value. 


Write today for complete details. 


THE BROWN INSTRUMENT COMPANY 
4482 Wayne Ave., Philadelphia, Pa. 
Bran Né. in 20 pri 


on the Inductance Bridge Principle 


When writingto the above company, please mention INSTRUMENTS 
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Che Vey) 


General Electric 
six-element oscillograph 














Permanent-magnet type 


Completed after several years of 


intensive laboratory development 
Note its remarkably clear record 


Section of original film to ft. long. The film used is nearly 6 in. wide 


For a complete description of General Electric permanent- 
magnet oscillographs, ask for Bulletin GEA-1209A. It describes 


also new two-element oscillographs of unique design. 
610-47D 


GENERAL@ ELECTRIC 


SALES AND ENGINEERING SERVICE IN PRINCIPAL CII 
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Like a tale of the sea, a pyrometer chart, with its waves and billows, gives a 
graphic account of mountainous seas, lashed by erratic hand control. Yet the 
same chart may record “smooth sailing” where furnace, oven or kiln controls 
include Minneapolis-Honeywell apparatus. 

Motorized units include both fuel and air valves and apply where either oil 
or gas is used as the source of heat. There 
are also pressure and temperature con- 
trollers, while, in high temperature fur- 
naces, installations are made in conjunction 
with any standard pyrometric controller. 

Minneapolis-Honeywell systems include 
relays for electric furnace operation or for 
use with Minneapolis-Honeywell motorized 
valves, where the motor operating current 
is too great for the controller. 


A test installation involves but a small 
investment. Yet it may show how the ad- 
vantages of lower fuel consumption, re- 
duced supervision and greater product 
uniformity can be had in the whole plant. 

Tioonne Write for free illustrated catalog and 

controller engineering information which will be gladly 
ry] » i } io ; ry " ¢ £ 

Oe a given without obligating you in any way. 


both globe and but- : 
terfly valves MINNEAPOLIS-HONEYWELL REGULATOR Co. 


2735 Fourth Ave. So., Minneapolis, Minn. 


In Canada: Minneapolis-Honey well Regulator Co. 
Lid., Toronto. 

Branch Offices: New York, Philadelphia, Boston, 

Providence, Detroit, Cleveland, Chicago, St. Louis, 

Milwaukee, San Francisco, Syracuse, Rochester. 


Distributors In All Principal Cities 


MINNEAPOLIS 
Typical Minneapolis-Honeywell 


relay for controlling circuits of INDUSTRIA L R EG U LATORS 


electric furnaces or motor cir- 


cuus of oil or gas furnace. s L 
‘a O N EYWELL— 
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CINE - PHOTOMICROGRAPHY 
—The Key to New Fields of 


Research « « « 


CINE-PHOTOMICROGRAPHY has for some time been recognized 
as an extremely valuable and fascinating factor in the fields of research 
in medicine, biology, chemistry and all of the natural sciences. Explor- 
ation into these fields by this method has been much hampered because 
equipment has been both expensive and difficult to manage. 


To meet the ever-increasing demand for a satisfactory Cine-Photo- 
micrographic outfit, B & L has designed an apparatus which is low in 
price and simple in adjustment, yet it is as efficient as a much more 
complicated and bulky set-up. 


The outfit is so designed that you can focus the microscope and ob- 
serve the specimen at any time without shifting the camera or interfer- 
ing with the photographic process in any way. It can be used with any 
standard microscope. 


Send for catalog E-25 explaining many other advantages and giving 
full details. 


BAUSCH & LOMB OPTICAL CO. 


615 St. Paul Street « » Rochester, N. Y. Pcocentiiealen 


OPTICAL SCIENCE 





BAUSCH 
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EACH TINy CLOcK WHEEL 
of ESTERLINE-ANGUS METERS 
Is Made and Inspected in Our Plant 


HETHER it is made to sell 
—or made to serve—makes 
all the difference in the world in a 
Graphic Recording Instrument. If 
it is built—as Esterline-Angus In- 
struments are—of the finest mate- 
rials obtainable, and every part 
manufactured under one roof— 
then, and then only, is the highest 
degree of dependable accuracy and 
service assured to each user. 
Each tiny clock wheel, pinion 


and gear—every stationary and 
working part—of Esterline-Angus 
Meters is made, under repeated 
tests in our own plant, and from 
our own designs. Thus we prove 
that these instruments are made not 
only to sell, but to serve. Therein, 
we believe is the reason for the 
leadership which Esterline-Angus 
Meters enjoy, wherever graphic re 
cording instruments are known and 
used, 


THE ESTERLINE-ANGUS COMPANY 


INDIANAPOLIS, INDIANA, U.S.A. 


When writing to the above company, 


please ment 


Pioneers in the Manufacture of Graphic Recording Instruments 


«n INSTRUMENT 
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Ultra Sensitive 
Semi-Suspended Meters 


Suitable for experimental work with 
Photo Electric Cells, Current Leak- 


age, Over-Insulation, etc. . .  . 


Currents as low as .003 Microampere can be measured. 
Suitable multipliers added to extend the range to any de- 


sired value. Controlled by a well designed selector switcl 
These meters can also be supplied in type 507 and type 505 


Write for information. 


RAWSON 
ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 
CAMBRIDGE, MASS. 
Branch Office: Mid-Western Representative: 
91 Seventh Avenue EARL N. WEBBER 
New York City Daily News Bldg., Chicago, II 
Also Manufacturers of AC or DC Thermal Multimeters, Microammeters, 
Milliammeters and Ammeters, Microvoltmeters, Millivoltmeters, and Voltmeters, 


Cable Testers, Timers, Earth Current-Meters, Fluxmeters, Thermo 
Junctions, Electrostatic Voltmeters, Wattmeters, etc. 


Write for bulletins. 
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KNGELHARD 


Thermal 


Conducti vity Cell 


for analysis 


of g YaSeS 


Many years of constant research on the part of our 
engineers has resulted in the remarkable Engel- 
hard thermal conductivity cell. 


Compared with intermittent methods it affords 
greater sensitivity; less time lag; minimum 
amount of gas required; probable error of observa- 
tion due to personal equation, and probable cost 
on continuous operation minimized; less skill, 
time, fatigue, and computation required of ob- 
server, and other advantages. 


{ continuous sample flows through the analyzer 
at all times and a record is made for every minute 
of the process. 


Simple in construction and performance, it uses 
two variable resistances connected into a wheat- 
stone bridge circuit. These resistances when 
balanced and surrounded with air, show no de- 
flection on the galvanometer recording instrument. 
When any gas, with a different thermal conduc- 
tivity from air is passed over one of these resis- 
tances, the wheatstone bridge becomes unbalanced 
creating a deflection on the Recorder in direct 
percentages of gas. Resistance elements are 
Quartz Covered. 


a pee eee 


la ak — 


cusENGE ARD: INC: 


233 N.J.R.R. AVE. NEWARK WN. J. 





























Recording and indicating instru- STANDARD Chicago, New York, Boston, Pitts- 


ments, automatic temperature and burgh, Cleveland, St Louis, R. I 


FOR 
eas control, pyrometers, gasanalyz-_ 30 YEARS Chase & Co., Tacoma, Wash., Jen- 


s, thermocouples, thermometers.4 sen Instrument Co.. Los Angeles 
Cal. 


When writing to the above company, please mention | NSTRUMENTS 
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HOMO 


TEMPERING 





Cuts Time in Half for 
Coloring Link-Belt Parts | 











PID, automatically reverse 
Homo Tempering Furna 


hi indards of qu 
rmeriy require 
1 variations fron 
Tempering is « 
required when t 
a if 1s accurat 
f 


her modem manutactu 


Catalog 93-1 gives complete details. It will be sent on request. 


Typical Link-Belt parts colored in a Homo Furnace 


LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA 
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a - Eight points under automatic py- 
rometer control. 

b - Each pyrometer controller is of 
the potentiometric type. 

c - Each cold junction is automatic- 
ally, electrically compensated. 

d - Husky standard drive motors, easy 
of access. 

e - Only two motors in all; - making 
total cost low for high grade 
equipment. 


Witson-MAEeuLeN (6 


INCORPORATED 


381 Concord Ave. New York, N. Y. 








When u ve company, please mention INSTRUMENTS 
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To Our Readers 
E would urge our readers to fill out the Metric Poll Ballot and return 


it to us at the earliest opportunity. 

Due to the importance of the recent revision of ‘Experimental Mechanical 

Engineering in the literature of measurement technology we give the re- 
view of this book here 

MECHANICAL ENGINEERING, VotuME I, ENGINEERING 

INSTRUMENTS. Herman Diederichs & William C. Andrae. John 

Wiley & Sons, Inc., New York, 1930. Cloth, 6 x 9 inches, 1082 pages. 


Price $8.00 Postpaid. 


is a thick tome of 1082 pages——-which length alon 
ent technology, and gives an idea of the formidabl 
modestly state that this work is a revis 
and Diederichs, even a “mere” r 
than a 
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learned author 
y Professors Carpenter « 
idgery. But this achievement is much more 


Onerous, therefore, to the 
and erudition of tw 
y the shore of a crystal | 
making their duty most pleasant. Unfort 
with practicing engineers, constantly co’ 
instruments must be practical means t 
swappe i their r 


undersigned in particulé 
once, self-sacrifice ) respecte 
tered academic halls b 


to whom 
wers who many years ag¢ 
iency 
And yet both reviewers, in spite of hard-boile rofess 1 
ng work with engineering instruments for engineering purposes, ur 
ok as a magnificent contribution to industrial progress. Every 
our indi istrial civilization. Some additions are | 
some additions are brief but great 
of a new labor-saving instrument 
jirect value. Among these !as 
and chemical properties whi 
“Experimental Engineering” defies analysis an 
reference work, but here and there one comes 
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The Handbook of Industrial 
Instruments 
M. F. Béhar* 


CHAPTER IX! 


Industrial Humidity Instruments 


General data and summarize 
seranenrtne with regard to mater 
nportance with regard 


> measurer ment of humi lity 





1. General Data and Summarized Laws 


Humidity is simply the invisible water vapor in the air. The word 
eons so loosely applied in every-day speech that it has lost any definite 

~aning, can seldom be used by itself in technical discussions. The ex 
pression absolute humidity specifically denotes the quantity of water v: ipor 
per unit volume of air, which in the United States is generally expressed 
1) in grains per cubic foot when speaking of air conditioning and more 
correctly, (2) in terms of vapor pressure. 

Throughout this Handbook, the word humidity, however qualified, 
refers to water vapor in the atmosphere—in rooms or in enclosed process 
ing equipment; while the expression moisture content, although applicable 
to air, is generally reserved for substances other than air. Moisture content 
is closely related to atmospheric relative humidity, but its measurement 
cannot at all (and its control cannot at length) be discussed in this chapter— 
they are dealt with in later chapters on Properties of Matter, on Proportion- 
ing and on specific industrial processes. 

Atmospheric humidity measurement and control are of importance in 
industry on account of the effects of air on all workers and on all substances. 
Air conditioning, involving as it does equipment as well as instruments, 
is not itself the subject of this chapter, but before coming to industrial 
humidity instruments it is necessary (as it was with temperature instru- 
ments) to discuss briefly the subject of atmospheric humidity, and 
cidentally of other air conditions. 


Facts About Air 
Air is a physical mixture of gases and vapors comprising three groups. 
Gases of the first group are present in the air in almost constant proportions 
which for dry air are approximately as follows 
By wer ght By volume 

Nitrogen : 78.1% 

Oxygen ; 21 

Argon, etc. 


tc ps length f Chapter II (Ten ire) which constituted seven instalments 
>bruary te ary inclusive—161 pages i hs been dec ide d to divi into se 
lition of the Handbook. Wiadneiet« hich immediately follows, is therefe 
iii ineulodemace for assistance in the pre sang m of the introductory se 
the “American Societ ty of Heating & Ventilating Engineers, to the Carrier Er 
t Company. 
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The second group includes such accidental gases as ozone, an 


sulphur dioxide, etc., seldom present except in very small proportior 


The third group comprises 


These are present in the air in widely varying proportions. It 
group which is of importance in connection with 


: ] > 
conditioning. 


The gases of the first group have fairly constant effects, 
ganisms have become accustomed. When dangerous gases of the 


group such as ammonia and sulphur dioxide are 


or 


conditions, it is necessary to take special 


stituents of the third group are always present 


effec ts Nave 


facturing al 


nportal! 


The phys 
follows 
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Water and Water Vapor 


[The relative amount of space occupied by a given weight of water in 
, different states may be seen from the following table 
State Weight of one Cu. Ft. Relative Volume 
Pounds Occupied by One Pound 


Water at 70°F 62.3 

Ice at 32 57.5 

Steam at 212° and atmospheric pressure 0.037 

Atmospheric water vapor at 70° temperature 

and 65% relative humidity 0.00075 

With each change in the state of a quantity of water its heat content or 
internal energy is greatly changed. The standard unit of heat used in 
engineering —the B. t. u.—is the average quantity of heat required to raise 
the temperature of one pound of pure water 1°F. 

The mean specific heat of water is unity and is taken as the standard 
Few substances have a higher specific heat than pure water. The specific 
heat of dry air at constant pressure and ordinary temperatures is 0.2417. 

The amount of heat needed to bring the temperature of water from 
32° to any given temperature (heat of the liquid) is equal to the specific 
heat times the degreees rise from 32. The heat of the liquid of one pound 
of water at 212° is 180 B. t. u. At 212° (and std. bar. pr.) further addition 
of heat will cause boiling, the temperature remaining constant until all the 
water is evaporated. 970 B. t. u. will be required to vaporize completely 
the pound of water. This is called the latent heat of vaporization. It 
varies with the temperature during vaporization. The lower the tempera 
ture, the higher the latent heat of vaporization. 

The total heat of steam is the amount necessary to convert one pound 
of water at 32° to one pound of steam at any given temperature and pres 
sure. Thus the total heat of dry saturated steam at 212° is 180 + 970 
1150 B. t. u. per pound. 

The evaporation of one pound of water from a humidifier at room tem 
perature (70°F) requires a large amount of heat, namely, 1052 B. t. u. Its 
mechanical equivalent is equal to the energy required to lift a man weighing 
155 pounds from sea level to the top of a mountain over a mile high. In 
terms of power, the heat equivalent of one horse-power will evaporate less 
than five-eights of an ounce of water per minute. 

Evaporation may be rapid and intense, pervading the mass of liquid, as 
in boiling, or slow as in the case of natural evaporation. Slow evaporation 
takes place at ordinary temperatures from all surfaces of water exposed to 
unsaturated air (see below) and even from the surface of ice. 

Heat must be supplied from some source whenever evaporation takes 
place, and if there is no other source the air, water, or surrounding objects 
must furnish it and be correspondingly cooled. This explains the lowering 
of the temperature in a room when humidifiers are in operation, which on a 
warm day often amounts to 10°F. It also explains how air can be cooled 
without the use of cold water or refrigeration, by the process of “evapora- 
tive cooling” which consists of passing the hot outdoor air through humidi- 
hers where it cools itself considerably by evaporating water (and incidentally 
saturating itself—after which it is heated until its relative humidity is as 
required.) 

In steam generation it usually happens that tiny particles of free moisture 
are carried into space with the vapor. When the space contains all the 
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e mere presence of fog in air does not make the uper irated and we purposely use 
xpression foggy and not “supersaturated air’ because the latter expression refers to a 
iti n of relative humidity higher than 100‘ I | ldon ve i 


tice. It could happen only in ‘gy lanes 


mpurities 1n cooled below th 
m oisture in suspension 1s com 


vapor in addition to having free m 


These technical points having been mentioned for the sake of accuracy, 
we may now forget them in order to simplify the discussion, and consider 
that fog or mist—in a workroom or in a kiln or other enclosed equipment 
fenoted supersaturated air. 


There are two well-known ways of saturating ot super sat 
by cooling it, or by humidifying it. The cooling method nee 

own volumes of air: a cold surface, of known 
If we expose to the air a polished vessel such as led wit 
water, and gradually cool the water by slowly adding ice, its temperature 
will eventually fall to a point where a film of condensed moisture appears 
upon the polished surface. The adjacent air, together with its 
has been cooled to the degree sg to saturation for the 
water vapor it contains per unit volume. This degree n 
known as the dew point. For any given temperature of the 
point depends entirely upon the quantity of water 
that is to say its absolute hum Bie. The dew 
saturation temperature. This permits the exac 
pheric humidity by means of the dew point 
below under Measurement. 


Relative Humidity 


The higher the temperature, the greater the quantity of water vapot 
which a given volume * air (strictly speaking, of space) can hold. On 
cold day (32°F) two grains of humidity saturates a cubic foot of 
hot day (100°F) twenty grains—the barometer reading 30 inche 
days. If saturated atmosphere is drawn from outdoors on 
ind heated to 100°F, its humidity (absolute) will remain ‘ahs 
will hold one-tenth of the humidity required f turation 
temper iture. It will “feel dry” because its relative humidity 
It will have a relative humidity of ten percent 


Evaporative and Moistening Power—It therefore is not 
of the air (quantity of water vapor in each cubic foot) whicl 
in connection with bodily comfort and with hygroscopi 
its relative humidity—the ratio of the quantity of vapor 
in a given volume at a given temperature, to the qu 
would saturate the same volume at the same temperatt 
t “deficiency” as it is sometimes called, is the tru 
power. In engineering practice, as well 
relative humidity is expressed as a percentage, if 
point. Deficiency is the basis of some calculations involving rate of 
tion. For most hygroscopic substances the ev si ative power of 
of air of 60% relative humidity at a dry-bulb temperature of 90°F ay 

mately equals that of a stream of air at 40°F whose relative humidity 

60%, regardless of the fact that each cubic foot of the first stream carrie: 
ibout five times the quantity of water carried by ar equal volume of the 
second stream iealation ind pressure being equ ) The same applie 
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to the moistening effect or moistening power of air, which is so imp 

in textile and other industries. For example, the moisture-carrying capacity 
of air at 70°F is 8 grains per cubic foot. If the air contains but 4 grains per 
cubic foot its relative humidity is 50%. If this same air is heated to 83°F 
its capacity to hold water vapor is thereby increased to 12 grains per 
foot. Since it will contain but the original 4 grains of vapor per 

foot its relative humidity will drop to 4/12 or 33-1/3%. The 70° air, « 
relative humidity is 50%, will exert a greater moistening effect than the 
83° air, whose relative humidity is 33-1/3%, although the actual quantity 
of moisture is the same in both cases. 


Vapor Pressure and Behavior of Vapor in Air—Water vapor is 
Its expansive force imposes upon all surrounding surfaces a pressure w] 
varies with the density of the vapor. At any given temperature the \ 
pressure may reach but cannot exceed a certain maximum which 
when the vapor is saturated. In dealing with atmospheric condition 
expression vapor pressure refers only to that component of the existing 
atmospheric pressure which is due to the amount of water vapor pr 
If, in a vacuous container with a content of one cubic foot, we allow 
to evaporate, maintaining meanwhile a constant temperature of 70 
in the liquid and the vapor, the space will become filled and the vy 
saturated when 8.1 grains of water have been converted into vapor 
vapor pressure will then be 0.36 pounds per square inch absolute, ar 
more vapor can be introduced by evaporation unless accompanied 
rise in temperature and pressure. 


Should we now fill a second and like container with one cubic foot of 
air at the same temperature of 70° and at normal atmospheric pressure of 
14.70 pounds per square inch, the contained air would weigh 524.6 grait 
65 times as much as the equal volume of water vapor at the same temperature 


If we now admit dry air at the same temperature to the first contair 
allowing it to mingle with the vapor, we shall find that 511.7 grains of 
will suffice to raise the pressure to that of the atmosphere. We now have 

irae (3 :, Weight Pressure Temp 
In the First Container File ese F 


Saturated Water Vapor 0.36 70 
Air < 14.34 70 


Saturated Air 14.70 70° 


In the Second Container . 
Dry Air 70 


The pressure resulting from the mingling of the air and vapor in the first container 1s 
explained by Dalton’s Law: in a given volume the total pressure of a mixture of several gases 1s 
equal to the sum of the pressures which the gases would respectively exert if separate! 
existing in the same volume and at the same temperature. This explains why dry air, being 
heavier than water vapor, is also heavier than humid air at the same temperature and pressure 


An important distinction between saturated and non-saturated (super 
heated) vapor should be noted. Non-saturated vapor is a gas. It contracts 
and expands approximately according to the gas laws. On the other hand, 
saturated vapor in contact with its liquid and at a given temperature can 
neither be compressed nor expanded. Either by condensation of some of 
the vapor, or by further evaporation of the liquid, the vapor pressure 
the weight of moisture per cubic foot will remain absolutely constant 
long as the vapor is saturated. 
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Barometric pressure has no effect upon the maximum possible weight of 
vapor per cubic foot or the vapor pressure at saturation. It does, however, 
fect the rate at which evaporation of water takes place. In a perfect 
vacuum, water would instantly “flash” into vapor and be diffused. 

As non-saturated air approaches saturation with water vapor, the vapor 
pressure increases until equilibrium between the vapor pressure and the 
evaporative tendency of the liquid is finally established at the point of 
saturation. Water exposed to air not saturated with water vapor will 
evaporate continually until saturation occurs. Complete saturation will 
not be possible in the open, because as the degree of saturation increases 
immediately above the surface of the water, rapid diffusion of the vapor into 
the less humid space around it will occur. 

The rate of evaporation of water will be increased by any of the following 
factors: 

(1) Reduction of the amount of vapor in the contiguous air, or increase 

in the “deficiency.” 

(2) Rise in temperature. 

(3) Lowering of atmospheric pressure. 

(4) More rapid air circulation over the surface of the water. 

(5) Increase in the surface area of the water being evaporated 


Vapor Pressure and Humidity—Since Boyle’s Law applies to non 
saturated vapors as well as to gases, the volume of one pound of water 
vapor at a constant temperature varies inversely with the vapor pressure 
At a given temperature, therefore, the vapor pressure is always directly 
proportional to the weight of water vapor per cubic foot, that is to say, to 


the absolute humidity. By reason of this it is possible to define relative 
humidity in terms of vapor pressure rather than in terms of the weight of 
vapor actually present and the weight at saturation. Thus the relative 
humidity is the ratio of the actual vapor pressure to the maximum vapor 
pressure at the Same temperature. (The actual vapor pressure 1S the same 
as the pressure of saturated vapor at the dew point temperature. The 
maximum vapor pressure is the same as the pressure of saturated vapor at 
the existing dry-bulb temperature of the air.) 

Example—Saturated air at 70° has a vapor pressure of 0.740 inches of mercury, and a 
moisture content of 8.07 grains per cubic foot. If the vapor pressure of the air in a room is 
only 0.540 when the temperature is 70°, its relative humidity is 0.540 divided by 0.740, or 
73%. The corresponding moisture content is then 73 % of 8.07, or 5.89 grains. If we gradu 
ally cool this air, its relative humidity rises until saturation is reached at 61.0°. Owing to the 
slight contraction caused by cooling, the absolute humidity meanwhile increases to 6.00 
grains, but the vapor pressure remains constant at 0.540. If cooling is continued below 61.0°, 
moisture will condense and appear as fog, dew, or rain. This critical temperature is the dew 
point. It was mentioned above that dew point depends on quantity of vapor. Equally, for 
any given value of vapor pressure, there is a corresponding and fixed dew point or saturation 
temperature. 


Wet-bulb Temperature 

A moistened finger feels cold. It feels colder when exposed to rapid 
circulation. We have seen the reasons: first, evaporation requires heat; 
second, temperature varies with degree of saturation; third, circulation 
removes saturated air in contact with water on finger and increases rate of 
evaporation and hence rate of heat demand on skin. 

In saturated air the moistened finger will not feel cold. The drier the 
ait the colder the finger feels because the faster the water evaporates. This 
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familiar phenomenon is utilized in the principal class of industri 
ments for measuring atmospheric humidity. These instruments cor 
two thermometers whose bulbs are placed side by side. One bull 
the other is generally enclosed in a wet wick (see Section 5 for vari 
bulb methods). The latter naturally reads lower in unsaturated 

The wet-bulb temperature, in unsaturated air, is not the dew 
ilways lies above the dew-point and below the dry-bulb temperatu 
question is sometimes asked why this is so—why the wet-bulb tem 
is not the same as the dew-point 

It is difhcult to explain why without dragging in formulas, 
matter of fact while wet-bulb temperature calculations are to be { 
some chemistry books, in technical papers presented by Willis Cart 
others, and notably in the only textbook on humidity: Bongards’ F 
keits-Messung, the question has never been answered, to our know 
for the benefit of the average industrial engineer. The followi: 
perhaps shed some light on the subject 

First of all, let us all agree just what a “wet bulb” is. The bull 
it is the temperature measuring device. Therefore let us exclude it. | 


also exclude the wick, porous sleeve or other mechanical means. \ 
remains? Simply a film of water with a very large surface compare 
mass 

The idea is, of course, that the initial temperature of the w 
inverted flask or other source must not affect the wet-bulb 
water is too cold, the indicated temperature would be too | 
wet-bulb thermometer will read too high. The smaller the vi 





error. But if the water is supplied at the wet-bulb temperature, its volume as « 
surface will not matter 

Next let us reason as did Stuart W. Cramer when he did away ent 
with the wick. The sole function of the wick, he said, was to obtait 
whose surface is large compared to its volume, and the same effect 
obtained by finely atomizing the water. 

It is obvious that the only difference between a wick and a spra\ 
of form. The effect is the same. The result should be the same, th 
say, the temperature of the mist (humidified saturated air) issuing ft 
atomizer or humidifier should be the same as that indicated by a wet 
thermometer. 

As a matter of fact it is—provided only that the water supply, 
tioned above, be of approximately the wet-bulb temperature. 

Having thus got rid of the complication of the wick, we can now p1 
to discover why the wet-bulb temperature is somewhere between the 
point and the dry-bulb temperature. We can now deal with air, 
and water vapor, and apply the laws discussed in the last few pages 

Assume a dry-bulb temperature of 92°F and a relative humidity of 

typical summer air. The absolute humidity of 4.8 grains. At 
cubic foot of air of 100°% relative humidity will hold 15.9 grains. If 11 
of saturating it by adding the required 11.1 grains of vapor, we satut 
by cooling it to the dew-point, we find that this dew-point is 56 

Saturating this cubic foot of air by mixing it with atomized w 
initially liquid water—is a totally different procedure. The water 
orates, therefore it cools the air. But the evaporation of the water 1 
in vapor which simultaneously increases the relative humidity unti 
100%. The final temperature must be lower than 92° because we 
cooled the air; it must be higher than 56° (the dew-point of our o1 
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air) because we have increased the absolute hu nidity. Therefore 
final temperature must be somewhere between the dry-bulb temperature 
| the dew-point. 
Experiments would show that in the process of spraying we have added 
3.0 grains of moisture, the final absolute humidity being 4.8 + 3.0 = 7.8 
grains. The saturation temperature for 7.8 grains per cubic foot is 69°. 
We would find that the final temperature of our mixture is exactly 69°. 


Comparing now a wet bulb thermometer (properly fanned, of course) 
. air that has a dry-bulb temperature of 92° and a relative humidity of 
30%, we find that it reads exactly 69°. 

Conditions in and about an ordinary wick or porous sles e wet-bulb 
essentially the same as in the above example The air in contact with the 
wet-bulb is cooled by the evaporation and at the same time it is humidified 
so that its dew-point is raised. Equilibrium depen: i on the specific heat 
of air and water and on the heat of evaporation of water The laws apply 

equally and the final result is always the same except when the tempera 
ture of the water supply differs too much or—and this impact int—when 
lack of adequate circulation allows the surrounding saturated air and the 
wet-bulb itself to be heated by radiation from objects in the room and by 
the room air, to a point between the true wet-bulb temperature and the 
dry-bulb temperature. More about this under psychrometers in Section 5 

(The fact that saturated air, plus spray, cane by a humidifier, 1 
delivered very close to the wet-bulb temperature of the room air which 
enters it, is utilized in some humidity instruments, notably the Parks 
Cramer regulator. See Section 7.) 


n 
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2. Importance with Regard to MATERIALS 


Very likely, most readers of this chapter are already personally interested 
in humidity measurements and control by reason of being concerned with 
processes involving hygroscopic materials or otherwise calling for air con 
ditioning either in rooms or in enclosed equipment. Almost all materials 
are hygroscopic—even some metals and alloys. And most materials which 
are very slightly hygroscopic, such as metals, are often affected on the 
surface, at least, by atmospheric humidity. Disregarding these latter 
effects, disregarding effects on bodily health which are dealt with in the 
next section, and considering only the relation between atmospheric 
humidity and the moisture content of materials, one finds that almost 
every industry is affected. Humidity, as one of the ten working or pro 
cessing conditions listed in Chapter I, is second only to Temperature. In 
some industries or processes it is desired to avoid the costly effects of dry 
air; in others it is desired to dry materials efficiently and economically 
which requires control of temperature, humidity and circulation and 
many cases (e. g. hardening finishes) removal of dust from the air before it 
is used. In some industries the air must be humidified to a definite percent 
ot relative humidity, which varies with the departments; in others it must 
be de-humidified. In winter, air must generally be considerably humidified 
as well as heated; in summer it must sometimes be cooled and either humidi 
hed or de-humidified. It is obvious that humidity control involves temper- 
ature control. Some humidity measuring instruments, as will be seen, are 
primarily thermometric instruments, and some humidity controllers are 
fundamentally temperature controllers. 
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Such is the relation between hygroscopic materials and atm 
relative humidity that the conditioning of materials involves in mat 
nothing more than controlling the relative humidity of the air, p1 
the temperature does not fluctuate too much. For every given pet 
of relative humidity of the air in which most materials are placed, th 
corresponding percentage of moisture content. (The effect of temp 
variation with constant relative humidity, is slight.) Equilibri 
attained very quickly in the case of fibres (a matter of seconds or mit 
somewhat more slowly in the case of dough, paste goods, etc.; ever 
slowly in the case of clay products; while lumber takes days in kil! 
weeks or months in drying lofts, before attaining equilibrium. The ri 
of exposed surface to mass if of course the prime determining factor 
both temperature and humidity affect the rate considerably. Thus « 
dimensions of hardwood which formerly required months or years of 
ing in lofts now require less than two weeks of controlled kiln drying 
green lumber to marketable furniture stock. 

Of all industries, the textile industry is most vitally concerned 
humidity control, in humidification of rooms and in control of atmosp! 
in drying apparatus. This follows from the extremely hygroscopic natu 
of all textile fibres, which vary in strength, in spinning and weaving pr 
ties and in economic value in accordance with the relative humidity of 
air. So delicately sensitive are textile fibres to atmospheric moisture t! 
mill engineers often speak of atmospheric conditions in terms of fibre 
gain. This is natural, because regain or moisture content (the tert 
not interchangeable; see below) do not always correspond exactly to rel 
humidity in the case of some fibres. The “standard atmosphere” 11 


1 


case of cotton regain calculations, for example, is 70°F and 65%% re 
humidity, but if the temperature is 60° the R. H. must be 64%; at 8 
66%, and at 90°, 67%. 

Engineers in other industries where hygroscopic materials are proce 
will find it interesting to study the results of textile specialists’ rese 
along this line, which has been carried on for many years, until a number 
laws have been formulated and a number of charts and tables publish 
Long books are devoted to studies of the relations between atmosp! 
conditions and various fibrous materials. A brief summary of get 
interest is not amiss here: 

Regain is the percentage of hygroscopic moisture present in a m 
material based upon the dry weight of fibre present. Thus, if a m 
wool which initially weighs 120 ounces, be dried out and then foun 
weigh only 100 ounces, it must have contained 20 parts of moisture 
100 parts of dry fibre weight, representing an initial regain of 20%. M 
ture content or “percent of moisture” refers to the weight of moist 
compared with the combined weight as a basis of a percentage. In the 
just cited the “percent of moisture’ is that corresponding to 20 part 
120, or 16 2/3%. 

Regain is the accepted index of hygroscopic moisture content. It is n 
convenient for computation and general use than “percent of moistur 
The latter term is convenient for dealing with the condition of mate: 
containing free as well as hygroscopic moisture. The use of the term r 
implies that hygroscopic moisture only is present. In materials other 
textiles, free moisture is a factor of importance. In lumber, for instat 
water exists in four distinct forms. The same holds true for meat, fish, 
and is of importance in refrigeration engineering. 


+ 
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Raw wool raised in the dry climate of our southwest states gains considerably in weight 
hsorption of hygroscopic moisture during transportation to the eastern market. Since 


| is sold by the pound this gain in weight increases its marketable value 


wi 

Of good raw cotton taken from the bale and fed to the pickers, from 859% to 90°% by 
weight will appear in the finished yarn. The loss represents leaf, seeds, dirt, imperfect fibre 
snd usually some hygroscopic moisture. The regain of cotton in the bale often equals and 


sometimes exceeds 10%—a condition seldom realized in finished cotton products: The loss 
of hygroscopic moisture therefore is obviously a factor in the total loss 


Regain becomes a very important consideration when impurities have been eliminated and 


the cost of manufacture has increased values. The basis of regain arose first in the raw silk 
trade, because of exceptionally high values involved. Silk is purchased in a partially finished 
state, practically free from such impurities as are present in raw wool and cotton. The 


practice resulted in the adoption of a standard of 11% regain 


The constant automatic control of temperature and humidity in the 


textile mill 

(1) Regulates the pliability or workability of the fibres in each process of manufacture and 
thereby insures maximum production, minimum loss, highest quality of product and least 
manufacturing cost. 
Minimizes the production of “fly.” 
Reduces the number of broken ends by insuring a yarn of great strength and uniformity 

4) Insures a yarn of definite, uniform weight. Control of weight of finished yarn often 
results in a saving of thousands of dollars per year 

5) Guarantees maximum strength and uniformity of finished yarn 

6) Increases the mechanical efficiency of the mill because the uniform yarn makes possible 
1 finer adjustment of spinning frames or looms and these will remain in adjustment without 
frequent attention 

(7) Eliminates generation of static electricity 

(8) Guarantees uniform width of woven fabrics and freedom from defects 


A 
5 
3 


The general laws relating to regain in textiles as deduced from the 
research of Hartshorne and his predecessors are now generally accepted as 
demonstrated fact and may be broadly summarized as follows: 


(1) In a given mass of textile material in hygroscopic equilibrium with the atmosphere to 
which it is exposed, the regain depends upon the humidity and the temperature 

(2) The regain acquired at equilibrium under a specified condition of temperature and 
humidity depends chiefly upon the material—that is, whether it is cotton, wool, silk, et« 
Different materials and in some cases, though to a less extent, different grades of the same 
material, have marked differences in hygroscopic property. The manner in which the ma- 
terial is exposed to the atmosphere, such as in the loose skein or tightly wound on the bobbin, 
is also a factor, although the relative extent to which the ultimate regain and the time neces 
sary for reaching equilibrium are affected, is a problem for further experimentation. 

(3) The hygroscopic properties of a given material are subject to temporary or permanent 
alteration by virtue of high temperature, chemical decomposition, excessive presence of dust, 
dirt, or foreign matter, etc., but in general clean specimens of the same material similarly 
exposed will repeatedly absorb the same amounts of moisture under corresponding conditions 
of humidity and temperature if given sufficient time to reach an actual equilibrium. 

(4) The rate at which any textile material undergoes a change in moisture content in re 
sponse to changes in humidity and temperature is dependent upon such variable factors as 
previous moisture condition of the material; rate and magnitude of change in atmospheric 
conditions; size, shape, density and exposed area of the material mass, and rate or intensity of 
air circulation. The time varies according to circumstances but even under ordinary con- 
ditions the lapse of hours, days or even weeks may be required for the attainment of complete 
hygroscopic equilibrium. 

(5) Ata given relative humidity, regain is less at high temperatures than at low. (Accord 
ing to Hartsthorne the regain for cotton at constant relative humidity varies inversely as the 
absolute temperature, and for wool it varies inversely as the three-halves power of the abso- 
lute temperature.) 

(6) To maintain a constant condition of regain it 1s necessary as the temperature fises to 
increase the relative humidity and, conversely, as the temperature falls to decrease the relative 
humidity. 

(7) Within the ranges of temperature and humidity which prevail in the textile mill, the 
rate at which humidity should increase as temperature rises in order to maintain a constant 
regain condition is practically constant 
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3. Importance with Regard to Health and Comfort 


This section, too, need only be a brief summary, for the read 


chapter has no doubt studied the subject. Indeed, engineers 
1ysiclans when 1t comes to con litioning il! 


less the fact that the proportior 
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The curve of rectal temperature shows a close parallelism with the curve of the te 
erature of the test chamber at any constant humidity 
Su bj ction to high temperatures and humidities produced no marked change in the 
oubye if 4 
re tory rate 
Loss of weight varies with the individual, the loss increasi1 ith the le x 
sure to high temperatures and with the severity of the test 
The haemoglobin content of the blood increases proportionately to the loss in weight 
1) An estimation of the changes in the sugar content of the blood proved negligible 
12) A relative increase in the blood count was found, but not ite one 


13) The rate of sweating varies with the atmospheric conditions. The loss of substances 





from the body through the sweat do not chan; their proportions t thes 
14) Examination of the urine was negative for albumen and sugar, and specific gravity 
reased 
15) The sweat is the chief factor in producing the irritation and inflammation of the eyes 
16) Ice water, even when large quantities were swallowed, did not cause cramps under 
the conditions of the experiments 





Early in 1923, these same investigat rs, McConnell and Houghten, toge:her with F. M 
Phillips, of the United States Public Health Service, presented another paper, Further Study 
f Physiological Reactions,*which is a valuable elaboration of their prior work, including fur 
ther detailed observations, and which establishes definitely the all-imy f I 
iry-bulb temperature is an exceedingly poor index of h 











human comfort. This research demonstrates, further, tha e, thous 
with the dry-bulb, the indicator of the air’s humidity le 
Jex as to reaction and comfort, and in this paper the auth Effective 
Temperature,” meaning a condition of the atmosphere to \ ct wit 
certain determined (averaged) sensation of comfort 
A given Effective Temperature, say 65°, in air of 100 ft. per no elocity, may mean a dry 
ilb of 67°, with a relative humidity of 100 per cent, or a dry-bulb of 74.5° with a relative 
imidity of 10 per cent. The “Effective Temperature” line marks a series of dry-bulb, wet 


ilb and relative humidity relationships between such limits, any one of which appears to be 
is “comfortable’’ as any other. Note that the “Effective Temperature” pertains only to con 
fort, the physiologica! relationship being open to much further investigatior 












The term Effective Temperature is unfortunate since it expresses the condition of the air 
dry-bulb temperature, wet-bulb temperature, and, ve | This u 
rtunate nomenclature has led, also, to certain faulty me ed data 
e charts showing Effective Temperatures that corres ratures 
nd percentages of relative humidity which are not actt le, and are strongly sus 
picious as to healthfulness, under normal conditions t rrected, and tl 


charts made much more useful if it is borne in mind that the great majority of people, normally 
clothed and normally active, should not, at any dry-bulb temperature (unless there is some 
ruling industrial or process condition), be subjected to percentages of relative humidity less 
than 30 nor more than 60.7 





he Comfort Zone shown on the charts should, then, for strictly pers 
trial) purposes be reduced to include only that portion of the sl 
per cent and 60 per cent relative humidity lines. An inspection of the chart, Fig. 156 for stil 





ir, shows that this limits dry-bulb te emperatures between 64.5° and 77°, at 60 per cent and 3 
per cent relative humidity, respectively. Asa matter of fact observations of air conditioning 


percentage of relative 


>gree Of saturation 13, 


engineers indicate that the most comfortable and, presumably, healthy 
humidity, for normal slight activity, is between 40 and 50%, and thi is de 
also, about the highest permissible in average buildings (those not specifically constructed to 
permit high humidities for process rather than personal reasons) without undue condensation 
upon windows and other cold surfaces. 





In January 1924, another papert was presented to the Society, in which were developed 
the yr conclusions: 

) Air motion exerts a cooling effect on the human body in atmospheres where the tem 

yams is less than that of the body; in temperatures above that of the body air motion in- 


*Trans. Am. Soc. Heat.-Vent. Engrs., Vol. 29 





tThe Am Soc. Heat-Vent Engrs. Gu 378 
tAir Motion—High Temperatures a 5 : f 
Houghten and C. P. Yaglou, Trans. Am Engrs., V a 
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creases the discomfort, but the rate of change in reactions cannot be doubled by d 
velocity of the air. 
> 


(2) Within the range of the experiments no appreciable change in the period of e 
resulted from air motion as indicated by the series of tests in still and in moving air 


3) The pulse-rate appears to be the best index to the severity of the discomfort 
4) The correlation between the pulse frequency and body temperature is not ¢ 
5) The systolic blood pressure increases on exposure to high temperatures while 


lic pressure decreases, and frequently becomes a negative quantity. 
6) The peripheral blood vessels dilate on exposure to high temperatures 
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Respirations are increased in rate and depth after removal from a hot atmosph¢ 
cooler one 

(8) The loss in weight which occurs after exposure to high temperatures is not pert 

(9) Exposure to high temperatures did not cause albuminuria in any of the subjects of these 
experiments 

Thousands of observations have provided data from which the accompanying 
charts (Figs. 156 and 157), have been plotted. These data have been so carefully detern 
that they are beyond question. Hence we know the ranges of conditions (“Effective 1 
peratures") which affect human comfort. 

The charts indicate, with positive authority, the “Effective Temperatures” (condit 
which result in comfort for the average person. The Effective Temperature (conditiot 
experimentally determined scale (series of conditions) which, unlike either the dry-t 
wet-bulb scales (alone), is a true measure or index of a person's feeling or sensation of 
in all combinations of temperature, humidity and air motion. 

The indoor conditions of comfort, in winter, have been briefly discussed. Those of su 
ure, of course, entirely different, depending, in large measure, upon the outdoor condi 
The dry-bulb temperature and relative humidity which result in summer comfort are | 
than those of winter, due partly to acclimatization and partly to the lighter clothing 
arily worn in summer, The indoor summer comfort conditions bear a definite relati 
outdoor conditions, and vary with them. This is true because the person must be prote 
from shock, upon entering or leaving the indoor conditions, and from the condensation of the 
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sture in the air trapped between the clothing and the body, which would occur were the 
1r conditions too “low™’ as compared with the outdoor conditions 
The relation between the most desirable mechanically maintained indoor conditions and 
the prevailing outdoor conditions has been definitely established by careful experiment and is 
« follows (the indoor conditions being maintained, of course, by means of suitable air con 
jiti ning equipment, including the necessary refrigeration)*: 
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Fig. 157 
Outdoors (Summer) Indoors 
Relative 
Dry-bulb °F. Dry-bulb Wet-bulb Humidity 
95 80.0 65.2 49 
90 78.0 64.5 50 
85 76.5 64.0 51 
80 75.0 63.5 53 
75 YP 63.0 57 
70 72.0 62.5 60 


These data show that although a difference of 15° between the outdoor and indoor dry- 
bulb temperatures is desirable under extreme outdoor conditions, this difference diminishes ra- 
pidly as the outdoor temperature falls, until at an outdoor temperature of 80° it is but 5°, one- 
third of the former difference. At 70° outdoor temperature, a common, though infrequent, 
summer condition in the northern United States, the comfortable indoor condition requires 
a dry-bulb temperature higher than that of the outdoors. 

In no case is there a difference exceeding 15°, and most of the time the difference approxi- 
mates but 5°, indicating the absurdity of the familiar signs declaring that it is “20° cooler 
inside.” 

Frigidity, or too great a difference between the outdoor and indoor conditions is more 
uncomfortable than the outdoor conditions themselves. 


*Am Soc. Heat.-Vent. Engrs. Guide, 1929. 
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4. Measurement of Humidity 


In a scientific laboratory the absolute or quantitative method of 
eric humidity involves taking a unit volume of air of k: 


pressure and temperature, extracting all of its aqueous content, wet! 
lculating the grains per cubic foot in the original 


ind thereby determining absolute humidity, relative humidity and 

magnitudes.* This procedure is probably never followed in 

practice in industrial plants. It is not necessary. In the first place 

ire direct-reading instruments (described in the following sections, 5 and ¢ 
hich can be calibrated accur itely from time to time. In the secon 


1¢ laws of humidity, governing the relations of the various magnitt 
such as weight of v tg vapor pre Coote, relative humidity, dry 
temperature, et ire so well established that when any two of tl 
principal magnitudes involved are known, any or all of the other four 
be found by reference to familiar tables or charts, such as those 


Appendix. 


The six magnitudes ordinarily measured or taken off charts and 
1 
ire as follows 
Dry-bulb temperature 
5 re me | ne 
2) Wet-bulb temperature 
3) Dewpoint 
Rel I idit 
4 elative humidity 
5) Vapor pressure (especially the deficiency in terms of vapor pre 
} te } 1i+ + ] | loecy 
6 Absolute humidity, or ctual humidity 
In industrial practice the relative humiditv is the condition of ot 
INGUSTTIlal practice the rerative Numidity 1s the condition OF ¢g 
importance. It is either measured directly by a hygroscopic instr 
or it is deduced from the temperatures of the air and of the wet-bull 
The laws of humidity having been (sketchily) named up in Sect 
ne iaWS OF NuMiaicy Naving Deen (SKeCtCALMY) Sul eG UP IN oO 
‘ake ‘ade 
this section concerns itself with the assignment of numerical values 
instrumen € hods ing mathematical methods of actual measure! 
Principles of Instrumental Measurement 
1) Chemical Methods. A measured quantity of air (know! 
pressure and tt yeratu s passed through tubes and cha € 
Aallee 
some of which contain one o1 re substances which absorb 1 
Calcium chloride, sodium oxide, phosphoric anhydride, sulphuric 
ind other compounds are variously employed. W ith some compout 
‘ 7 1 1 1 
increased weight gives the exact weight of the water vapor; with 


r 


the absorption of moisture results in changes in electrical resistat 
bility of ions. We know of no industrial instrument employing 


methods which are, it must be said, the only scientifically accurate 
“ 


cba 


} “> } “hod n - , 1 
where absorbed moisture is weighed. 
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Hygroscopic Methods. The influence of atmospheric moistur 
violin strings, certain woods and numerous other organic mate 


( Si ( Ct 
ilts in dimensional changes roughly proportional to the relative humidity 
Flongation or contraction 1s conveniently m onibedi yYmeansor! pointers,et 


Dew-point determination. A surface is gradually cooled until 


4 A y \ 4 
jisture forms on it. The temperature of the surface is that of saturatiot 
for the water vapor actually carried by the air. Tables ther ve thi 


solute humidity. The air temperature is measured and the relatiy 
humidity obtained from tables or charts 

4) Psychrometry. The relation of air temperature to wet-bulb depre 

nn in rapidly circulating air is a function of the relative humidity of th 
ene air. From the readings of a dry-bulb thermometer and of 
fanned or whirled wet-bulb thermometer, all other data can be computed 


It may be said that industrial psychrometry began in 1911 with C 
paper on the “Rational psychrometric formula” before the American Societ\ 
of Mechanical Rasinwers. In his own words 
“The following principles underlie the entire theory of tl 
method of moisture determination as well as of air conditioning 
: A) When dry air 1s saturated liab tic | t} té ae 


as the absolute humidity is increased, and the decrease of sensible heat 
exactly equal to the simultaneous increase in latent heat due to evapor 
‘(B) As the moisture content of air is increased ad ti he 
ture 1S reduced sim ultar neously until the vapor pre ure correspond 
temperature, when no further heat metamorphosis is possible. This u 
— may be termed the temperature of adiabatic saturation 
When an insulated body of water permit t i 
in the air, it dssumes the temperature of idiabatx lturation of tr 
unaffected by c mvection; 1. e., the true wet-bulb temperatu 
identical with its temperature of adiabatic satur 
“From these three fur dament | prul iples tl 
fourtl 

‘ D) The true wet bulb temperature of ti lir debe rel 
total of the sensible and the latent heat and 1s independent of their rela 
proportions. In other words, the wet-bulb temperature of the air is constant 
provided the total heat of the air is constant.” 

Psychrometry today implies rapid circulatior [he temperature of 
wet-bulb in “stagnant” air, it is now generally realized, does not 
inything. (What is “stagnant” air? Evaporation itself induce 
circulation.) Psychrometry is the basic method employed in th it 
of industrial humidity indicating and recording instrument 

(5) Evaporimetry. Method based on rate of evaporation f1 
irea of a given material exposed to the conditions being stu 

Descr - Seoage of instruments, in the subsequent ti ! 
restricted to industrial forms 
Bases of Tables and Charts 

There are so many ways of numeric XDI y t t 
some confusion arises from the use of vague ter iifferent aut t 
Several living writers are doing much to correct the looseness. I: te of 
their efforts and of those of a number of scientist 1 engineers, how 
no full set of international standards has been adopted. English a1 t 
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values of some constants, moreover, differ in the third—and ever 
second—significant figure. And as for symbols. . . well, let us start 
1 list of those employed in the basic formulas. Duplications necessit 


taking some slight liberties—but not with contemporary Americans. 


A, =normal atmosphere q weight of moisture in 1 kg of n 

B barometric pressure R relative humidity 

( instrumental constant r latent heat of vaporization 
specific heat r’ =lJatent heat of vaporization at t 
specific heat at constant pressure S specific weight of water vay 


lume absolute temperature, genera 


specific heat at constant vo T 
specific heat of steam at constant | ibsolute temperature, of ice | 
’ T 


pressure between t and t ibsolute temperature, “virtua 
' 


specific heat of dry air at constant critical temperature, absolute “( 





pre sure, between t and t’/ t rea ling of dry-bulb 
J lensity of air, in general t’ =reading of wet-bulb 
1h lensity of air at h t —t’ = wet-bulb depressior 
1 lensity of air at To and A, t. =critical temperature, °C 
1 density of saturated vapor at t point 
I vapor pressure of saturation at t T dew point 
E’ =vapor pressure of saturation at t’ V specific volume of air (cubi 
> e’ in theory, =e’ practically pound) at t 
¢ vapor pressure present (“‘actual”™ V, =specific volume of saturate 
vapor pressure when in equilibriun att 
with water at t’ (by definition W weight (pounds) of moisture 
e = deficiency, in terms of vapor pressure, mixed with one pound of dry 
at t’ WwW’ ditto at saturation point = Vd, 
F absolute humidity at saturation point, W’—W=1. weight of moisture per | 
grams per cubic meter of dry air added to saturate 
absolute humidity, grams per cubic in humidifying; 2. deficier 
meter terms of weight, at t 
P pressure u absolute humidity, in grains + 
p pressure foot 
Pa =absolute air pressure x =ratio (mass of vapor)/(mass 


Vapor Pressure—General formula for computation of vapor pressut 
e’—e = CB(t—t’) 1074 

B, e and e’ are expressed in the same units, which may be any desi: 
The variation of C with temperature is negligible but note that C is 
stant for any given velocity of airflow past wet-bulb. If temperature 
expressed in °C the value of C for a properly fanned or whirled wet-t 
is 6.6. 

Density of Dry Air—General formula: 


0 001293 _ p 


= Iwate 
1+ at 760 


Density of Moist Air—Relations of densities d, of vapor and d, of 
air at same pressure and temperature: 


be ee yd 
d 


a a 


*=0.3783 


d T.fB—0.3783 e 
j A, 
d, T, Bf 0.6217(1+x) 
FB 0.6217+x 





n 
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In mm of mercury, 


6 —0.3783 e 
a= ( B set <) lem — 
_288.9/  Bt+x) \, - 
~ 10° \ (0.6217+x) TJe™ 7 


‘Actual’ Humidity, English Units—Harding and Willard* state that 
“it simplifies calculations somewhat if the actual humidity is considered 
1s the number of pounds of saturated vapor mixed with one pound of dry 
air when saturated at a given temperature and pressure.” To find the 
weight of vapor per pound of dry air in a saturated mixture of air and vapor 
at temperature in °F abs., all pressures in pounds per square inch. From 
Dalton's law, 

B=e’'+p,=14.7 lb. 

ind the saturated vapor pressure being obtained from steam tables in the 
same units, the partial air pressure is obtained. At 60°F, for instance, it 
would be 14.70 — 0.26 = 14.44. From this value of p, we obtain by applica- 
tion of the gas laws the volume of one pound of dry air at t. In this case 
it is 13.33 cubic feet, which is also the volume of the saturated vapor. The 
weight of the saturated vapor is obtained by multiplying this identical 
volume in cubic feet by the density in pounds per cubic feet as given in 
steam tables. Thus we have 13.33 0.000829 =0.01105 Ib. per Ib. of 
dry air in the mixture. This same operation is also expressed in the 

English Unit Formula for Saturated Air (Carrier)—Same symbols as in 
above table but values of pressures in pounds per square foot. Vapor 
and air occupying the same volume, W = Vd, 


W’ = Se’ (7) 
B—e’ , 
» 53.35 (t+ 459) d 
W’'= Boe! : (8) 
—¢ 
or, when pressures are in pounds per square inch, 
0.378 (t +459) d, , 
ihememes ” 
aa 
or, for weight in grains, pressures in inches of mercury, 
5284 (t+ 459) d 
in 4 459) d, (10) 


B—e’ 
which is the basis of the saturation curve in the Carrier and Bulkeley 
psychrometric charts. 


Adiabatic Saturation of Dry Air—Assume passing dry air, initial 
temperature t, through spray or wick or “saturated sponge” perfectly 
insulated so that heat is neither supplied from nor extracted by exterior 
conditions. When equilibrium is reached, both water and emergent air 
are at t’. 

0.2411 (t—t’)=B.T.U. given up by 1 Ib. of air 
r’ being latent heat of saturated vapor at t’ 

r’'W =B.T.U. required to evap. weight of moisture added 
Since exchange is adiabatic 
W=0.2411 (t—t’) . ; (11) 


*Mechanical Equipment of Buildings, Vol. I—Heating and Ventilation, by Louis A. Harding and Arthur ( 





. ] 
Adiabatic Saturation of Moist Air—Lack of space compels 
' 


demonstration of the equality in this case. Harding and Willard 
interesting development, employing a heat diagram, which is recom: 


to air-conditioning engineers. Bongards’ painstaking demonstt 
ilso interesting in that it assumes an actual wet-bulb over which 
in airstream, the portion of which, whose humidity is increased, 
may not correspond to the portion which is cooled; and mathen 
explores every case, winding up with a triumphant proof of the e 
it equilibrium. (For a popular discussion of “what happens at tl 
bulb” see end of section 1, this chapter.) Carrier's original e 


r'(W’—W)=c,, (t—t’)+c,, W (t—-t’ 


Carrier's Method—Determination of weight W of water vapor 
mixed with one pound of dry air at temperature t. Adiabatic act 
ibove. W’—W =weight of moisture per pound of dry air added i1 
to saturate the air. r’=latent heat of vaporization at temperat 
therefore (W’—W) r’ =heat in B.T.U. necessary to evaporate (WU 


lb. of water at t’. 


1 | 
Substituting the average values of « ind c,, 0.44 and 0.24 resp 


W - 
r+. 44 (t t 
Absolute Humidity—In English units, 


e 


u 11.7459 


1+0.002039 (t 32 
In metric units, proceeding from relative densities of air and watet 
S=0.623, not the I. C. T. datum 0.6217), the weight of | m 
vapor at p is 0.623d 10°. Obtaining d from formula (2) and consi 


that the water vapor occupies a volume identical with that of tl 
but under e and not p, 


Specific Humidity—This is neither x nor the relative humidity but 
ratio (mass of vapor)/(total mass). 
0.6217 e 
7” B—0.378 
According to Bongards, 


rae 


0.623 
p vias s € 
Deficiency—This term is used in connection with rate of evapot 
Expressed as e’—e or W’— W or as quantity of water lacking to satu 
| m* of air with water vapor. These two latter are somewhat ambigu 
is Bongards points out, because E—e has a value different from e’ —e. 
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imple. At 14°C and 25% relative humidity e=3 mmandE=12mm. Ata 


l is rh oo] 
ner second a moist material is cial eo =? mn 
‘ | _ > 
R f evaporation depends on the er which is tl 





pe 
s deficiency while 


Moisture-absorbing Capacity of Air 


W! —W) = ee oe ON 18 


Relative Humidity 


— 
on 
tl 


Relative Saturation—Term used by Grossman and other German writers 
to designate E’ —e, which would appear to be a mere academic distinction 
, 
from e € 


“Richesse Hygrométrique’—-Term used by French writers on humidity 
ind air conditioning, especially in connection with the evaporating (o1 
moistening) power of air. Not the relative humidity, though the initi 
ire the same. Bears close relation to “specific humidity” and appears to 
be identical with “actual humidity” or with Carrier's W. Defined 
“the relation between the weight of water vapor and the weight of the 
dry air in the same volume or the same mass of moist air."" As given by 
Bongards, 

“rh” =0.0623 » & 
p—¢ 
but as long as international standards are incomplete, the preseat author 


offers the more general expression 
“rh 22) 


which permits greater latitude in experimental determinations and in 


referring to one s favorite tables. 





The actual weight of water vapor being a small magnitude compared 
Iry air occupying the same volume at ordinary barometric pressu 


liu the difference between a 





negligible. In industrial work it would be (at its greatest 1 n 
specific humidity” of 2/102 =0.0198 and an “‘actual humidity” or “richesse hygrométrique 
ft 2/100 =0.0200, or 0.0002. 


General Psychrometric Formulas 


’ Bo, , a i.** ; 
e= B= Pe —'t) (14-45, ) (146°) (4-£) . 2) 
Sr V/1 (B- €) Coa/ B 






Theee necee ly WA! >t ] ' ne ] her ’ ryt ~ ‘ ) 
These necessarily involve several instrumental and other stants. S, for example 
represents the relation of the density of vapor and dry air at same pressure and temperature, 


and is used instead of the value 0.6217 because one must accept the value given by which- 
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ever authority one is following, and whose other values correspond. The determir 
of several constants and relations by various investigators are tabulated on page 15 
values of log 1/7 on page 147, of Feuchtigkeits-Messung 


The “U. S.” Psychometric Formula—First developed by Regnaul 
1845, modified and adapted to English units by Ferrel (Annual Report of 
Chief Signal Officer, U. S. A., 1886). Basis of Smithsonian and other U. § 


tables giving value of e in inches of mercury for readings of t and t in °f 
on sling psychrometer. 
/ 
OF cu 342 
, , t . 
e=e’ —0.000367B (t—t 1+ , 25 
1571 


Rational Psychrometric Formulas—As far back as 1903 Carrier had 
observed that the wet-bulb temperature given in the U. S. psychrometri 
tables agreed with the computed temperatures at which air of a known 
temperature and vapor content would become saturated adiabatically 
In his 1911 paper he called Ferrel’s formula empirical and proposed t 
substitute “a rational one, having a thermodynamic basis, that is, a formula 
depending upon the transformation of sensible heat into latent heat i 
the adiabatic saturation of dry air.” 


We omit the first Carrier formula for the value of e since he follows it 
by remarks pointing out that the value of —e (Sic,,—C,)(t —t’) is negligibl 
as is also the difference between S’r’ and S’r’+(Sic,,—c,4) (t—t’) so that 
the equation 
» Cpq (B—e’) (t—t’) 

S’r’ 


e e€ 


is obtained. Substituting values for r’, S’ and Css 


, —e') ¢—t) 
2803 —1.329t 


But the coefficient 1/(2800 —1.3t) being permissible, 


, (B—e’) (t—t’) 


=¢ée-— , ; (26 


2800 —1.3t 


This formula is for the exact wet-bulb temperature obtained by the 
aspiration psychrometer. With sling psychrometers a correction must be 
made for error in depression due to radiation and stem correction. For 
the sling psychrometer 


»_(B—e’)(t—t’) 


ig 
2755—1.28t' ° ; : + (27) 


Psychrometric formulas, embodying B, show that barometric pressure 
affects the value of e and hence the relation 100e/E which is the relative 
humidity. The maximum possible error near sea level is less than 1% in 
the determination of relative humidity, so that various psychrometric 
charts, based on 29.92 or 30 inches or other barometric pressures close to 
standard, agree with one another very closely. 
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Measurement Practice 
As explained above, the practical measurement of humidity in industry 


nsists of either 


It ir 1) Observation of the readings or records of hygroscopic instruments, ot 
rt of 2) Application of psychrometry—working from the readings of dry- 
U. § ilb and wet-bulb thermometers (generally alone, sometimes supplemented 

f » the dew-point apparatus or a hygroscopic instrument) and using the 


bles and charts. (It goes without saying that in order to avoid error 
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Fig. 153 
in humidity determinations one must avoid errors in temperature measure 
ment. Hence the necessity for using none but accurate psychrometers, 
: and handling them properly. For this subject see the next section, Indi- 
é 


cating Instruments.) 
C . 

Several important tables and charts are included in the Appendix, with 
their authoritative sources duly noted. It is not amiss to reproduce in 
small size, here in the text, the Carrier and the Bulkeley Psychrometric 
Charts which are American industrial standards. The former was brought 


out in 1911 and immediately won acceptance. In the course of years of 





use by thousands of engineers, it was natural that modificati 
. . nt ld ho yoected Atte Httopr “70 09 
provements SNOUIC Det sugvestved. Atte! hoiteen Vears In l d20 
Bulkeley Chart was presented before the American Society of Hi 
1 1 , 
ind Ventilating Engineers and was adopted as the standard of that S 
with the supp rt of Mi Carriet who state | that 1t was the equly 
, a ad . 1 
three charts and that y reason of! the logarithmic scale the iCCul 
each end Was compatil ie with the accuracy at the center. 


In the Bulkeley Chart (see reduced fac-simile, Fiz. 159) which is based on t 
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The following instructions for the use of the ever-popular Carrier ( 


have been supplied by the Carrier Engineering Corporation 


Example 1—Given: Dry Bulb Temperature, 70°; Wet Bulb Temperatur 








the Per tage Relative Humidity and the Dew P 
Locate point of intersecti rti resenting 70° Dry B I 
the obliqu repres¢ 60° Wet B I r By inter 
1 icates the CT tage « Relative Hu s 5¢ r ce 
secting horizont to the left to its intersect ith Cur 4, the Dew I 
ted as 53.4 


Example 2—Giver Dry Bull 





: i 
Find the Dew Point and Wet Bull eratur 
Locate the point of intersection of the verti 
} ] j } } 
with the interpolated position of the curved 
Humidity. Reading horizontally to the left 


is indicated as 64°, and rea 


to Curve A, the Wet 


Duquely upV 


ture 1s 1n 






Example 3—Given: Dry Bulb Temperatu 
Percentage Relative Humidity and Wet Bulb 
Locate the point of interse 
with the horizontal Dew | 
Relative Humidity as 5( 





Example 4—Give 
Find Dry Bulb Ter 
Locate the point of intersection of the curv 
Humidity with the | pr 
downward from this point to the Dry Bull 





ine representing 50 per cent R 


Vet Bulb Temperat ire Reading 
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D.P.52. 





D.B.71.8° 
Example G 


D.P. 50: 











D.B.615° D.B.65° 


Locate the point of intersection of the curved line representing 40 per cent R 
Humidity with the horizontal line intersecting Curve A at 40° Dew Point Temper 
Reading vertically downward from this point to the Dry Bulb Temperature Scale, tl 
Bulb Temperature is indicated as 65°, and reading obliquely upward to the left, al 
Wet Bulb lines, to Curve A, the Wet Bulb Temperature is indicated as 52°, 

Example 7—-Given: Dew Point, 70°; and Dry Bulb, 80 Find the Relative Hun 
if the Dry Bulb Temperature is increased to 90°, the Dew Point Temperature ret 

nstant 

Locate intersection of vertical 80° Dry Bulb line, with horizontal 70° Dew Point 
From this point read horizontally to the right to the vertical 90° Dry Bulb line ar 
intersection interpolate for the percentage of Relative Humidity which is indicate 


per cent 


Example 8—Given: Dry Buib Temperature, 70°; Wet Bulb Temperature, 6 
the resulting Relative Humidity when air is heated to 80° (Dry Bulb Temperature), wit 
increase 1n moisture content 

Locate the point of intersection of vertical 70° Dry Bulb with the oblique 60° Wet | 
line which indicates an existing humidity of 56 per cent. Reading horizontally to the r 
from this point to the intersection with the vertical 80° Dry Bulb line the resulting Re 
Humidity is indicated as 40 per cent. 

Example 9—Given: Dry Bulb Temperature, 80°; Wet Bulb Temperature, 70”. | 
the Vapor Pressure 

Find the point of intersection of the vertical 80° Dry Bulb line with the o 
Wet Bulb line. From this point read horizontally to the left, to Cur 
ndicated on this scale as 65.3 From this second point read vertically 
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Example 8 


Example 7 
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the vertical intersection with Curve D, read horizontally to the left to Scale D, where the 
Vapor Pressure is indicated as 0.63 inches of Mercury. 

Reval 10—Given: Relative Humidity, 20 per cent; Dry Bulb Temperature, 85°. 
Find Wet Bulb Temperature, Dew Point Temperature and — x Pressure 

Locate intersection of the curved line representing 20 per cent Relative Humidity with 
the vertical 85° Dry Bulb line. By interpolation between the oblique Wet Bulb lines this 
point is found to indicate a Wet Bulb Temperature of 59.8°. From this point rea — horizontally 
to Curve A on the left where a Dew Point of 39° is indicated. From 39° on Curvy > A, read 
vertically downward to Vapor Pressure, Curve D, thence horizontally to the + ftt s ile D 
Vapor Pressure in Inches of Mercury where a vapor pressure of 0.24 inches of Mercury is 
indicated. 

Example 11—Given: Air at Dry Bulb Temperature of 70°. Find Grains of Moistur 
per Cubic Foot of Air when Saturated at this Temperature 

Follow vertically the 70° Dry Bulb line to Curve E—Grains of Moisture per Cubic Foot 
of Saturated Air. From this intersection follow horizontally left to Scale E, where 7.8 grains 
per cubic foot is indicated. 

Example 12—Given: Air at 70° Saturated with Moisture. Find Volume in Cubic 
Feet per Pound. 

Follow vertically the 70° Dry Bulb line to the upper Curve B—Volume in Cubic Feet 
fis Pound of Dry* Air Saturated with Moisture. From this intersection follow ii rizontall 
left to Scale B, where 13.68 cubic feet per pound is indicated. Note that the lower Curve B 
is the Volume in cubic feet of one pound of dry* air absolutely free of water-vapor This curva 
is also to be referred to Scale B on the left. 


ry Ait free from any floating particles of condensed liquid 
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correspondi fer 
The percer Relative H t r air under t Jive tions is 
the intersecti the 70° Dr th the 60° Wet Bulb li er t. Fifty 
cent of 0.33 is 0.19 cubic feet, which is the increase in volume of the mixtur 
presence of the moist t 57 per t Relative Humidi 
13.35 Cu. Ft.—Volums 
0.19 Cu. Ft.—I S é the mixture due to the pres t 101 
i i 57 t Relative Humi 
13.54 Cu. Ft.—Volume of the g mixture containing one pound of dry air. 
61 grains per poun Mt dry alr 
. ; 7 4.50 gr isture per 


pound of dry 


mixture per { 
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Measurements 
Industrial & Scientific 


An Instruction Book for Engineers 


DR. WALTER BLOCK 


Eichungsdirektor der Provinz Ostpreussen 
CHAPTER VII. MEASUREMENT OF AREAS 


HE great majority of cases of measurement of areas involve simple 

shapes the linear dimensions of which are determined, after which the 
feos od é ; oot 

‘rea is then calculated by plain arithmetic. No need to explain this pro 
} > omy 

cedure in detail; one may refer to the mathematical tables in which the 


{ 
espective formulas for the calculation of areas car be found. Irregular 
‘ 7 1 
shapes, however, present difficulties in area measurement. A simple 
‘1 7 1 1 1 
method which gives fairly correct values when employed carefully, con 


sists in cutting out the area to be determined and weighing it, and 


cutting a standard area of the same uniform material and also weighing it 


The ratio of the two weighings then gives directly the required area, if 
one can be sure that both areas are of the same materi A bett er procedure 


r 
is to draw a grid of squares over the area to be evaluated and obtain the 
result by counting the number of whole squares covering the area and 
estimating the fractions. Instead of this tedious drawin 
still better to use a cross-ruled gla | 


1S vgn aemagal more convenient, 1s to d 


measured, after ee ich the total length of all stripes is multiplied by the 
width of the stripe. 


All these problems come up occasionally Of greater importance, 
however, are the evaluation of recorded curves and the determination of 
ae, ; al T F nt a 
reas Dy means of planimeters The most frequent ex pies in industr 
ure chart records. A recording apparatus, for instance, records 1 paper 
chart the load of a machine or the output in kilowatts supplied by it. The 
rt 
teas ; 3 1 Pee | : 
distance of the pen fri ym the zero line on the moving paper chart is a measure, 
wh ~} w os wear f- } +>] > eh 1 + t +} + 
which can be read from the scale of the recording instrument, of the output 
’ 1 1 1 j 1 1 1 
f the machine at any moment. The paper chart, driven by a clock, moves 
iniformlyv t is. therefore. possible to read on the chart. for any particular 
MUTOrMUY, L 1s, 2 eee Sona i€ LO TeaG O Une Cr) , IOI ny Particula 
1 1 * 1 | 1 1 
moment, both the time 1d the load of the machine tI lows then that 
| 1 ' 1 4 ¢ ¢ 4 
the area on the paper chart Detween zero line and the re ded curve is 
measure of the ener gy consumed or supplied by the machine, for instance 
th ~ mp rt ‘ ‘ «* > ty \ > ' 12 
that amount in kilowatt-hours which must be paid if the machine supplies 
1 >, s r > ley > “hy 7 ] Re. ‘ ? * + 1. - >, 
useful energy. The advantage of such applicatt ver an electric meter 
, 1 - ’ ‘ ‘ B ’ ‘ , 
which, of course, does the same, lies in the fact that there is obtained 11 
re | . 7 ‘ 7 
this way not only the total energy but als rt nsumption o! 
} ¥ 1 1 
ergy at different times. It 1s, however, necessary to determine the 
re ho _— a ] j eS el os | oY 
ea between the zero line and the recorded curve when the recording 
strument does not also include an integrating or k Vatt-hou! 
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the circumference of the whee! will then pass through a distance Au= Ah—p Ag from 
[2 
which it follows that Aq=! Au +( —+lp} Ag. 


a 3 deni Z Aut(5+!p) z Ag. 


If the pole is outside the area, >> A ¢ =0, therefore a Le Q=lu. The area is, there 
1=Q- 

fore. the product of length of the circumscribing arm and the revolution of the disc. If the 

le inside the circumscribing arm describes a comeiete circle, therefore 5S A g=2 7 and 
Q= LY Aqtarr=lu+(?+21 p) r+7 1? =1 u+constant 


The value of the constant can be found by a simple consideration of the diagram on the 
right of Fig. 31. If the guide pin describes a circle around the P le so that the vertical ir 


the center of the wheel on the circumscribing arm passes through the pole the disc does not 
erform any rotating motion. The area of this “basic circle’ is therefore given by the 
planimeter as zero. The Radius R of this circle is determined by R? =(I+-p)?+r?— p? 


2421 p+r?. From this it follows that, with the pole inside, the area read on the disc must 
be increased by the area of the basic circle. The result of the the ry is, therefore, remarkably 
simple 

The area of the basic circle must be determined for every plan imeter separately as it is an 
individual constant which depends also on the changes of the length of the arms. This can 
be dune by measuring, with the pole inside, a circle of known diameter (most suitably with 
the pole in its center), which is as nearly as possible equal to the basic circle 

The size of the basic circle is, by the way, given for all planimeters with 
fixed length of circumscribing arm, just as it is indicated what one revolution 
of the measuring wheel corresponds to. This measuring wheel must be 
handled with the greatest care as its circumference, which naturally is 
the only determining factor for its precision, has microscopic corrugations 
in order to facilitate smooth rolling and gliding. 


There exists a still better type of polar planimeter, the so-called com 
pensated planimeter. If the axis of the measuring wheel of the planimetetr 
is not exactly parallel to the axis of the circumscribing arm (w hich is very 
difficult to obtain mechanically) certain errors occur which can be elimi 
nated by a double measurement. This is obtained by twice circumscribing 
the figure to be measured, while the measuring wheel remains at the right 
and at the left respectively of the line pole-cricumscribing pin. Those 
planimeters which permit this are designated as compensated planimeters. 


The coordinate planimeter operates a little differently. It consists 
principally of a circumscribing arm with measuring wheel and a guiding 
pin which permits one end of the circumscribing arm to be moved in a 
straight line, the coordinate axis. It is evident that if such planimeter is 
moved so that the circumscribing pin moves also in this line, the measuring 
wheel as it is moved perpendicularly to its plane can only perform gliding 
motions without rotations; and that similarly, if the arm is exactly at right 
angles to this direction and moved parallel to itself (which practically of 
course is impossible), the measuring wheel then rotates only without 
gliding; and in intermediate positions performs a combination of gliding 
and rotating motions. It is, therefore, obvious that the rotating motion of 
the wheel, which alone is measured, depends on the length of the move- 
ment of the guide-pin in the coordinate axis and on the distance of the pin 
from the latter. It will, therefore, be clear without further proof how a 
measurement of area is performed in this manner. 


The accuracy of measurement of areas with planimeters is fairly great 
and can, in general, be assumed on an average to be a few tenths of a per- 
cent. The checking of the aceuracy of a planimeter is comparatively easy 
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by drawing certain simple figures, measuring their area with a go 

and comparing the results with the indications of the planimeter. | 

a check-rule is supplied by the manufacturer together with the plat 

which permits in a simple manner to evaluate circles which are fixed 

rule by marks and the area of which is determined once for all. It 
t 


only necessary to fasten the check-rule by its needle pole, to 


if 
guide-pin of the planimeter into one of the marks, and then to de 
full circle with the planimeter. In this way a definite known area h 
circumscribed, and the indication of the planimeter can be checked w 
which is especially necessary if the planimeter has an adjustable le: 
the circumscribing arm. When measuring areas on paper one must 
imes not expect too much with regard to results as the dimensi 


paper, particularly of inferior qualities are not inconsiderably influer 
changes in humidity so that a greater accuracy than 1% can h 


expected. 


The Bailey Meter Company of Cleveland, Ohio, Manufacturers of 
Plant Metering Equipment, Automatic Combustion Control and 
Water Regulators, announces that the rapid growth of its business 
about Denver, Colorado, has necessitated the opening of a 
that City. Mr. M. E. Reddick has been appointed Manager 
Branch Office, which is located at 2370 Dahlia Avenue. 


if 
| 
brancl 


INSTRUMENTS BOOK SHEL 


The books reviewed in this section can be supplied by Instruments Book Shelf, Instruments 
Publishing Company, Pittsburgh, Pa. 
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CHAPTER VI (Cont'd) 


Coefficients of Orifices.—In view of these variations of 
pressure along the pipe in the neighbourhood of the orifice, 
and of the fact that the pressure distribution, even if accurately 
letermined for one set of conditions would not necessaril\ 


{ 
hold for others, it appears advisable always to measure the pres- 


sures as Closely as possible to the upstream and downstream 
planes of the orifice plate, and this course has been adopted by 
J. L. Hodgson in England and by Jakob and Kretschmer in 
Germany. The researches of Hodgson * are of great practical 
value. Recognising the amount of variation that was to be 
expected in a with change of shape of the orifice, he con- 
centrated on the form of sharp-edged orifice shown in Fig. 26, 
which is reproduced from Engineering for 7th March, 1924 
The pressure connections will be seen to be close to the 
planes of the plate, and the general proportions of the orifice 
are as shown in the figure. 

Hodgson determined the coefficients of such orifices under 
various conditions and with a variety of compressible and in- 
compressible fluids, and found that certain general conclusions 
could be drawn. In discussing these results we may refer to 
equation (10), which indicates the variables upon which a may 
be expected to depend. The effect of one variable alone may 
be determined by experiments in which the other two are kept 
constant. In the first place, Hodgson found that, when testing 


a) 
of u 


-_— Voll» d. 
for the variation of a with at constant values of 7 and 
1 ay 


: r : Voll « 
wide variation of = Was possible without Causing 
yp 


: Voll 
achange ina. He states that the curve of a against ——, when 
Vo 


the other variables do not change, is a horizontal straight line 


Vol» 


within the range of values of of about 16,000 to 1,600,000, 


Vo 
* Proc. Inst. C.E., vol. cciv., 1916 17, Part IJ., and vol. cex., p 
See also Tvans. Inst. Naval Architects, vol. \xiv., 1922, p. 189; Engine 
ng, 7th March, 1924, p. 314; Inst. Civil Engineers, Selected I ngineeri) 


Pah \ > rc 
fapers, No 31, 1925 
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which, fortunately, covers the very large majority of « 
that are likely to occur in practice. It appears, there! 
Voll» 
that the variation of a with = can nearly always be negle 
Vo 
Exce ptions occur for the extreme cases of slow flow thr 
small orifices or rapid flow through large orifices. 
Kor all except abnormal conditions, it is necessary, tl 


fore, only to consider the effect of changes in ( 


and, if we confine our attention to air flow, a further sim) 


a, P2 


cation is possible, since the variable (8), which is a funct 


1 
of both y and the expansion ratio, can be replaced by the vari 
Pe Po 
pi 1 : 
comparisons of values of a for different gases ; for any on 
y 1s constant and may therefore be neglected. 


[he complete variable (8) need only be considered 


Thus, for air flows within the range of — 16.000 t 
5 , 


1,600,000, the discharge coefficient for Hodgson’s orifices wi 


Da d» ; we h, 
Pe and —*. The variation with 


i d, 


appear to depend only upon 


he. 
for constant values of 7. is stated by Hodgson to be approxi 
sa | 


mately linear; he found further, that at a constant value of 
; ds 
Po a had a constant value for all values of 7 less than 0:7 
¢ 
l 1 


° d. ° ° ° 
so that provided 7 is always made less than 0-7 its influenc: 
) 


in modifying the value of a may be neglected, and only or 


1 


variable, viz. , remains to be considered for nearly all case: 


4 


of air flow. Hodgson found that the variation of a with “* 


l 


was approximately expressible in the form 


Pe 


0-914 — 0°306—. . . . 1a 
Pi 
pe will be found to be between 0:9 


1 
and 1-00, and for these conditions a may be taken as 0-61. 


In a large number of cases 


Similar results for values of Pr near unity have been ob 
1 
tained for sharp-edged orifices very similar to those of Hodgson 
by Jakob and Kretschmer.* Here again the upstream and 
* Regeln fiiy Leistungsversuche an Ventilatoren und Kompressor 
1925, p. 16, published by the Verein Deutscher Ingenieure, Berlin 
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ynstream pressures were measured close to the orifice plate 
44 
Vy 
was here taken as the mean velocity in the pipe in which 
orifices were installed, and d, and v, were respectively the 
meter of the pipe and the kinematic viscosity of the air at 
upstream pressure tap where the pressure was p,.. Jakob and 


se tests Cove red a range ol Of 20,000 to 500,001 whe re 


Kretschmer’s discharge coefficient is equivalent to x 
\ ye I 
their results are given in the following table, which also 


ludes, for comparison, Hodgson’s coefficient 0-61 multiphed 


} 
the term \ Hodgson’'s results, according to hi 
2 


TABLE II 


ds 
periments, should only hold for values of 7 less than 0-7, 1.e 
f ¢ 
l 


for values of y greater than 2, but it is interesting to note that 
the remarkable agreement between his and the German values 
; ; d, 
continues up to a value of 7 1°33 | 0-866 ), if the co- 
¢ 
efficient 0-61 is assumed to be valid up to this value. It would 
therefore appear that a coefficient of 0-61 can be taken with 
some degree of confidence to apply to sharp-edged orifices of 
do . 
p» between I and 0:98 


) 
1 


the type shown in Fig. 26 for values of 


: = 
and for values of 7. at least up to Or]; and possibly up to 0°55. 
a, : 
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- an approximate value of a is 


f) 
equation (13 As has already been pointed out, hoy 
most practical cases will come within the conditions 
a may be taken as OvOT without correction. 


The Compressibility Correction.—We must conside1 
he application of the compressibility correction, 1.e. th 
. De 
of Cin equation (12), tor values of — differing appreciably f1 
‘a 
unity The following table gives values of © for air for \ 
fy 
of — between 1-0 and o-8o, and of y from I*4 to 60 By pl Ut 
Py 


the figures given, the value of C within the r: 


+] 


stated can be found for any conditions Ca Ss outside 
ranges will seldom occur It will be seen that € is sensiti\ 
relatively small changes in y when 7 is small; but that, at 


tf) 
} , , 
value of 4, the variation of C with 7 becomes 
fy 
fl 


small rasyincreases lor ¢ xample Ww 


C changes by a little over I per cent. as 7 increases from 3 
6-0, whereas for the limiting case when ¢ is infinite, which « 
sponds approximately to the condition of air discharging 


a large chamber through a small orifice, the value of C is w 
about 0-5 per cent. of its value when » 6-0. The 


rh) 
ratio p,’ the smaller is the variation of © over the r: 
) 


rABL 


Q2 gol 
943 | 0°925 
950 | 0°934 
954 | 0°94 
955 943 
»Q00 940 
GOI | 0-945 
962 | 0O'949 
903 | O'9O5I 
905 | 0°952 
"905 054 
‘900 054 
966 O55 
orgss ” 9606 956 
OSS | « ” 0'907 ‘950 | 


FU oe de ww 
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Some uncertainty arises in the choice of the correct value 
of C. We have already had occasion to notice that the theoreti- 


cal equations for the discharge are based on the assumption 
that the various quantities with suffix 2 relate to the section of 
minimum area and not to the area of the orifice itself. Now 
experiments have shown that the downstream pressure, measured 
at the plane of the orifice, is usually not much different from 
that at the vena contracta, whereas the area of the vena con- 
tracta is, as already remarked, appreciably less than that of 
the orifice. We should, strictly, in making the compressibility 
correction, take the value of p, and of a, at the vena contracta ; 
but no great error is introduced if we take p, at the downstream 
plane of the orifice instead of at the vena contracta. On the 
other hand, some allowance for the reduction in area 1s neces- 


, e » e ay ay 
sary, since the true ratio of areas is not but . where 


as Aa» A 
dis the ratio of the area of the vena contracta to the area of 
the orifice. Now A is not readily determinate by experiment, 
but an approximation to its value can be obtained by the fol- 
lowing method. 

[he assumption is made that the area of the vena con 
tracta is not affected by compressibility, 1.e. that the shape ol 
the stream on emerging from the orifice is the same as that 
for an incompressible fluid. It is unlikely that this assumption 
Pe 
a 
ably gives sufficient accuracy, since we are seeking a correction 
factor to C, which itself has the nature of a correction. 

On this assumption, therefore, we may revert to the method 
by which the flow equation for an incompressible fluid was 
established, and derive an equivalent expression in a slightly 
different manner. We take Aa, as the area of the vena con- 
tracta, where A is less than unity, and, if we now take all con- 
ditions with suffix 2 as those obtaining at the vena contracta 
(except ~., which, as we have seen, may be the value of the 
pressure at the downstream plane of the orifice), equation (4) 
becomes 


is strictly true, but if the value of is not too small it prob- 


2p(Pi — po) 


d(Aa,)gZ N2a,2 ; (14) 
, 2 


\ a,” 


where 6 is the ratio of the actual velocity through the vena 
contracta to the theoretical. This ratio will be less than unity 
on account of the frictional loss through the orifice. 

The quantity g as determined from equation (14) is that 
calculated from the conditions obtaining at the vena contracta, 
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whereas in (5) it was determined from the conditions at 
orifice. Equations (5) and (14) therefore represent the s 
quantity and hence we may equate their right-hand sides 
obtain 


from which 


Hence 
1) ) \! 


Now the frictional loss through a sharp-edged orific« 
known to be small. From experiments with water, the val 
of 8 has been found to be between 0:96 and 0:998.* In maki 


; V 
the approximation to by equation (15) a mean value of o 


may therefore be taken for 6, and if, further, we take a as o- 
equation (15) reduces to 


In calculating the value of C, therefore, the quantity 


given by (16), should be used instead of r wherever the latt: 
occurs in the formule. 

It has already been pointed out that the variation of 
with y is not great when r exceeds 3. Hence a rapid approx 
| 


. Y ; 
mation to , may often be made by making use of the fact t} 


/ 


the limit to which this ratio tends as r becomes progressi' 


oY 
larger is, as shown by equation (15), equal to —, or 1°59) 
‘ a 


§ = 0-97 and a= 0-61. The substitution 1°59” may ther 


* s 
fore be made for ~ in calculating C instead of the value giv: 


A 


Y ‘ ; 
by (16). The value of calculated from this approximat 


/ 


expression when y = 2 is 3°18, and from equation (16), 2:9 
and on reference to Table III. the difference in C is seen to | 
negligible. At higher values of y the error is still less, but t! 
approximation should not be used for values of 7 less th 
about 1-7 


Lea, 2nd Edition, p. 5; 
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Summary of Data for Sharp-Edged Orifices.—We may 
iow summarise the results for sharp-edged orifices of the type 
own in Fig. 26 as follows : 

(1) For values of ds less than o-7,* and for values o 

d, : Py 
greater than 0-98, the value of the discharge coefficient may be 
taken as O'61 without correction. If we exclude cases of the 


flow of compressed air, 4 will not be less than 0-98 until the 
Pi 
pressure drop acCTOss the orifice (7 D>) exceeds about 


ss 


inches of water. 


(2) When pe is less than 0-98, a is given approximately by 


1 
equation (13), and this value of a must be multiplied by a com 
pressibility factor C, whose value is given by equation (g) and 
in lable III. 


(3) In calculating C the ratio of areas ry must be replaced 


d. 
by (1°597) provided that is less than O77 (7 I°'7 approx 


d, 
mately), Otherwise the substitution 4/2-527? 1°52 must b 
employed. 

[he value o-61 for the discharge coefficient only holds 
within the limits noted above, for orifices of the type illustrated 
in Fig. 26, in which the upstream edges are sharp and truly 
square, and bevelled off on the downstream side, and when thi 
pressures are determined at the walls of the pipe in the upstream 
and downstream planes of the orifice plate. It should also be 
remembered that the coefficient of discharge will almost cer 
tainly depend upon the velocity distribution in the pipe up 
stream of the orifice. We have already seen that in a given 
pipe the velocity distribution ultimately assumes a definit 
form, which is substantially the same tor all pipes and does not 
vary much with rate of flow once the critical velocity is exceeded 


(see Fig. 18). It is found, however, that the air has to travel 


g 
along a length of straight pipe measured from the inlet of at 
least 30 or 40 pipe diameters, before the characteristic distri 
bution is finally assumed. At sections nearer to the inlet, 
disturbances due to the entry of the air into the pipe are hable 
to influence the distribution of velocity. This point was no 
doubt appreciated by Hodgson in his researches, and it is to 
be presumed that his coefficients relate to orifices placed in the 
region of what we may term normal distribution, that is to 
say in straight pipes, reasonably smooth, at the requisite dis 
tance from the inlet. 


. According to Jakob and In re 
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It appears, therefore, that orifices placed in regions where 
velocity distribution is not normal may have different disch 
oefficients, although they are otherwise similar in every 
spect to orifices having coefficients of 0°61, so that, in additio1 
the necessity tor accurate workmanship in the making of 
rifices, care has to be taken that they are installed in suit 
lengths of pipe if they are ve used without calibration. | 

st practical purposes it will be sufficiently accurate to assur 
that Hodgson’s coefficients will hold if the orifice plate is | 
ceded by a straight length of pipe 10 diameters in length 
cases in which the necessary length of straight pipe is 
available, or in which some doubt ts felt as to the actual dist 
bution of velocity, a preliminary calibration of the orifice shou 
be undertaken. In such circumstances, it may prove advant 
geous to instal an orifice with slightly rounded edges, whic} 
easier to construct and not so likely to suffer damage as 
sharp-edged type, and to locate the pressure taps at any co! 
venient points near to the plate, but not necessarily in the y 
* A calibration can then bi 
performed in order to determine the coefficient for that part 
cular orifice, as installed. If the pipe is sufficiently large, tl 
quantity of air flowing can be measured by a Pitot tube 
already described: otherwise one of the methods for sn 
pipes (see Chapter VIII.) must be employed. At the san 
time the pressure difference across the orifice and the air ten 
perature in the pipe and the barometric pressure at the tim: 


stream and downstream planes 


measurement must also be observed. Equation (9) or (1 
for the discharge through the orifice can then be solved fo 


by inserting the measured value of O. If Pr is less than o-a8 


1 
p, and fp, must be measured in order to determine their ratio 
and C must be calculated. Initially, before a is known, it will 


, ; . : 
not be possible to determine the value of y according to equatior 


(16), which must be used instead of yr in calculating C. It w 
then be necessary to calculate an approximate value of a, usi! 


in evaluating C. From this approximate valu 


y , 
of a, a first approximation to , can be calculated from equatiol 


4 


(16). © can then be re-calculated, using the approximate valu 
y . ° ° 
of " thus determined, anda second approximation to a can the! 


* It should be remembered, however, that the downstream pressu! 

a minimum at the vena contracta, so that the pressure difference t 

measured will become progressively smaller as the downstream ta 
moved further downstream from the vena contracta, until the posit! 
of maximum downstream pressure (minimum _ pressure difference 


reached where the pipe again runs full, 
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found. If necessary this procedure can be repeated a stage 
further, but it will usually be found that the second approxi- 

ition to a is sufficiently close to the real value 

Orifice Plates in which the Pressure Connections 
are not at the Upstream and Downstream Planes.—In 
their Report on Fluid Meters * the Special Research Committee 

f the American Society of Mechanical Engineers give numerous 
data compiled from the results of tests on sharp-edged orifices 
n which the pressure connections were at positions other than 
it the two planes of the plate. It would seem, however, that 
more reliance can be placed on Hodgson’s experiments than on 
the others cited in the above-mentioned Ry port It may be 
said, in fact, that Hodgson’s results appear to provide the most 
trustworthy information on sharp-edged orifices at present in 
existence ; but there is still a wide field to be explored before 
the characteristics of these devices can be re¢ carded as ( omple tely 
elucidated. 

Loss in Pressure Due to the Passage of Air through 
an Orifice Plate.—<s we have seen, the static pressure at the 
downstream face of an orifice plate is considerably less than that 
in the air upstream of the plate. There is a further slight de- 
crease as the air leaves the orifice, a pressure minimum being 
reached at the vena contracta at about } to 1 pipe diameter 


—— 
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IG. 27.—Pressure loss due to orifice ] . 

from the orifice. This pressure minimum is followed by a 
gradual recovery of pressure which persists up to a distance 
of about three to ten or more diameters downstream of the 
orifice, the actual distance increasing with the ratio y and prob- 
ably depending also on the rate of flow. At some point, 
therefore, a pressure maximum is experienced, which corre- 
sponds to the position where the jet, which at the vena con 
tracta had a section considerably less than that of the pipe, 
has expanded once more to the full pipe diameter. After this 
pressure maximum has been reached the flow proceeds to follow 

* Published by the American Society of Mechanical Engineers, New 


York 
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the normal laws of pipe flow, and the pressure falls off gradi 
on account of the ordinary frictional loss at the walls. 
point to be observed is that the static pressure at the d 


stream point of maximum recovery is considerably less 1 
that upstream of the orifice, and also considerably less than 
static pressure that would be « xperienced at that point lf 
orifice were removed and the normal frictional pressure dt 
in a parallel pipe existed between the upstream position 
the downstream position corresponding to the point of n 
mum recovery with the orifice in place The orifice, i 


introduces a resistance equal to that of a long length of ] 
t 


and causes a corresponding loss of head or energy 1n the 
In other words, a fan delivering a given quantity of air per 
time along a pipe line would take more power Uf an orifice wet 
introduced into the line and the quantity of air flowing wer 
maintained at its previous valu 

Some idea of the pressure loss experienced by air in 
passage through an orifice may be gained from Fig. 27 whic! 
is taken from the Research Report on Fluid Meters of t!] 
American Society of Mechanical Engineers, and represents t 
mean of the results obtained by a number of workers. 
static pressure drop between an upstream point near 
orifice and the downstream point of maximum recovery 
expressed as a percentage Ol the pressure difference betwee! 
the same upstream point and the vena contracta (i.e. the 
maximum pressure difference across the orifice), and is plott 
on a base of 2. It may be noted that this curve agrees fairly 

nad | 
well with similar data given by Hodgson,* when allowance 
made for the fact that Hodgson measured his downstream pri 
» of the orifice. 


1 l Engine oc, cit., Fig. 15 


The Minneapolis‘Honeywell Regulator Company announces the oj 
ing of a branch office at 218 E. Washington St., Syracuse, N. Y., under t 
management of Kenneth Sprague; taking over the Minneapolis-Honeyw 
distributorship carried on for many years under the name of Kennet 
Sprague’s father, Frank Sprague, who has been closely connected wit 


the heat regulator business since the early 90's. 
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NEW INSTRUMENTS 
Recently Developed by Instrument Manufacturers 


Write Information Section, Instruments Publishing Co., Pittsburgh, Pa., for 
g g 


additional! Information. 








The Burgess Bearing Tester 


O IMPROVE the methods of inspecting ball and roller | 
smooth and quiet operation, the Burgess Bearing Tester 
leveloped by the C. F. Burgess Laboratories, Inc. and is being mart 
BurgessParr Company. This device is an acousti 

bearings may be definitely separated into as many as 


quality. 














the same or different times can check their sorting only by use of electrical 
acoustic devices. By the usual methods of testing bearings by ear, 11 
spectors cannot consistently check themselves from time to time, but 
with the Burgess Bearing Tester consistent results are obtained. In thi 
way, sorting can be made definite, and the hazard of accepting poor bearings 
or of rejecting good ones is eliminated. Additional advantages are tha 


Tests have been made which demonstrate that different inspectors at 


the sorting can be done anywhere in the factory, thus eliminating th 
expense of sound proof rooms and hauling costs to and from the inspector 


and that highly specialized labor is not required for classifying the bearings 
The Burgess Bearing Tester provides the basis for a scientific method fe 
studying bearing design and construction. 

The photograph shows the tester in operation. Amplifying adjustment 
are properly set, the motor and spindle are rotated, and the bearing to be 
tested is pushed against the pickup cone. The bearing vibrations ar 
transmitted to the pick-up, are changed into electrical energy, and are 


Ys i 
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properly filtered so that only those vibrations which are indi 
bearing quality are employed in the amplifying circuit. 
1 od 1 

amplified electrical energy is indicated by the deflection of the nee 
in electrical meter, and in this way the quantity of undesirable vibt 
of each bearing is accurately indicated. The bearing is then revers 
that it may be tested from both sides, and from the meter readings 
duced, the bearing is classified 

In adjusting the amplifying circuit, a bearing adopted as excelle: 

fond lon! Ss 

tested, and the zero setting of the meter adjusted so as to produce ot 
slight deflection. A bearing which is unsatisfactory is tested, and 
amplifying adjustments set to give a full scale deflection. The instru 


is then ready for use, and by noting the amplitude of the needle deflect 
the quality of the bearing is determined. As many as six classific 


between excellent und defective can be made in this Way. 


Counter Tube Checker 


(Western Electrical Instrument Corp.) 

ere dealers fully realize the importance of testing tubes at the t 

of sale. To more effectively meet this important need the Count 
Tube Checker, Model 555, was designed. This tube checker meets 
tube checking requirements. It operates direct from any regular 110 
A. C., 60 cycle lighting circuit. Variations in line voltage from 90 to 13 
volts are compensated for by a volt- 
age adjuster mounted directly on the 





panel. | 


All A. C. or D. C. tubes can be 
checked having filament voltages of 
1.5, 2, 2.5, 3.5, 5 or 7.5 volts includ 
ing ‘80 and ‘81 types of rectifier 
tubes. A unique feature of this 
tester is that both plates of the *80 
type rectifier tube can be tested 
without the use of an adapter. It is 
only necessary to press a button 
marked “Full Wave Rect.” for 
second plate after the first plate reading has been made. 

To operate Model 555 Tube Checker the following simple procedu 
is all that is required. Set the pointer to the arrow on the voltage indicator 
by turning the voltage adjusting dial. Once that has been done it is onl 
necessary to change the setting when a change in line voltage occurs. 
the filament voltage dial to the rated filament voltage of the tube 
tested, insert the tube and allow filament to heat—then read on the tu 
test meter noting the position of the pointer. Next press the butt 
“Press for Grid Test” and obtain a second reading. The difference 








tween the first and second readings is directly proportional to the mutu 
conductance and the greater this difference the better the tube. Wh 
checking power tubes the button marked “High Range”’ should be pres: 
while taking both first and second readings. 

The actual condition of each tube checked is determined by compari: 
the tube test meter indications with the values for each type tube show: 
on the Instruction Card. It is important to remember that these valu 
represent average tests on thousands of known good tubes. 
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Miniature Radio Testing 
Instruments 


(Weston Electrical Instrument Corp.) 


HIS instrument, Model 489, is a portable volt-milliammeter with 
ranges of 200 and 8 volts and 2 milliamperes. Voltage ranges have a 
sensitivity of 125 ohms/volt so as to indicate the actual operating voltage 
f the batteries. The meter is supplied with a pair of 30” flexible cable 
equipped with test prods. 
Common faults such as weak or no reception and poor quality are mainly 
ittributable to low battery conditions, loose or broken connections, open 
coil windings, misallignment of condensers, speaker adjustment and tube 


failures. 














Tests made directly at the tube socket will indicate the conditions of 
batteries as well as the continuity of circuit. When making these tests turn 
on the set, remove the tube and insert the cable terminals in the correct 
jacks of the meter. Then to measure filament voltage insert test prods in 
socket openings ““F to F”’ using the 8 volt range of the instrument—to 
measure grid voltage use the same range and insert test prods in socket 
openings ““G to F’—for cathode voltages use either the 200 or 8 volt 
range and insert prods in socket openings “K to F’’—for screen grid voltage 
use the 200 volt instrument range and insert test prods in socket openings 
“G to F” and for plate voltage using the same range insert test prods in 
socket openings “P to F.” 

Screen Grid or Plate Current can be measured by using the 2 milliampere 
instrument range by connecting the meter in series with the proper lead to 
the “B” battery, and inserting one tube at a time. 

This instrument is a miniature portable D. C. Volt-Milliammeter having 
one current and two potential ranges. 

It is enclosed in a molded black Bakelite case equipped with pin-jack 
for pluging-in instrument connections. 

A pair of 30” flexible cables is provided with pin terminals on one en 
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for inserting into the instrument and prods on the other end f 
purposes 

The scale is silver etched figured for all three ranges, 0 to 200 
0 to 8 volts and 0 to 2 milliamperes. The voltage ranges have a resist 
of 125 ohms per volt. This miniature instrument has a guaranteed acc 
of 2%. A zero corrector is provided for adjusting the zero position of 
pointer. This rugged instrument is very compact, weighs only 11 « 
and is exceptionally handy and dependable in operation. 


New Gage for Thin Materials 


(B. C. Ames Co.) 





The accompanying photograph 
shows a gage which has been de 
signed for rapidly and accurately 
measuring thin materials, fabrics, 
paper, celluloid, films and similar 
stock. The dial reads direct to 
.000025’" and even closer measure 
ments can be estimated. 

Any size contact points can be 
furnished and the jaws are opened 
by depressing the lower contact 
by means of the lever. Releasing 
the lever brings the lower contact 
up to a predetermined stop, which 
on material less than .002” thick 
gives a zero reading on the dial. On 
material of greater thickness, the 
zero reading is obtained by inserting 
1 standard between the contact 
points, allowing the lower contact 
point to come against the stop, 
properly adjusted to bring the hand 
to zero on the dial. 

The gage is attractively finished 
in black crystalline, with all bright 
parts chromium plated. 











The Dash Instrument Engineering Co., San Gabriel, Calif., was organi 
for the repair, testing and installation of avigation instruments. T! 
have been authorized to service the instruments of Elgin National C 
General Electric Co., Pioneer Instrument Co. and Weston Electric 
Instrument Corp. 
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Two New Flow Instruments for 


High Pressure Work 


HE Foxboro Company has just brought out a new high pressure record 

ing flow meter and flow controller. The new instruments are built for 
perating pressures of 2,500 lbs. 2 in. They serve as worthy companions 
to the Foxboro high pressure flow meters and flow controllers for 5,000 Ib. 
pressure applications. (See INSTRUMENTS, January 1930, page 62.) 

The illustration shows a single pen 2,500 lb. recording flow meter. 
static readings are needed a two-pen 
nstrument with static element is 
furnished. When total flow read- 
ings are desired an integrator can be 
supplied on the instrument. The 
integrator gives the flow readings 
without the use of any multipliers. 

The new flow meters and also the 
new flow controllers can be mounted 
in place without the use of loading 
devices. This makes them particu- 
larly adaptable to modern field 
service conditions. 

The new meters and controllers 
retain all the features of Foxboro 
orifice meters. All parts of the new 
instruments are specifically designed 
for high pressure applications. All 
working parts are drop forgings. 
The illustration shows clearly their 
sturdy construction. 

The new instruments have no 
errors or variables. They possess no 
unknown quantities—no inherent 
defects. The field experience gained 
through use of the first high pressure 

eters and flow controllers, for 

000 lb. pressure applications, makes 

is possible. 

The combination of four factors—accurate coefficients, a differential 
measuring device that is inherently correct, a simple integrator that can be 
depended upon, positive control action, and chambers that will with 
stand high pressures results in high pressure recording flow meters and 
flow controllers of rugged accuracy. 














— 


New Dye Tub Control 


(Foxboro Company) 


HE new Foxboro Control fits the modern trend in piece dyeing. This 
controller takes the pre-heated dye water being delivered to the ma 
chines, raises it to the exact temperature needed and holds it at this 
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temperature for a definit 
predetermined by the dyer 
the time is up the instrument 
off the steam and turns on 
light. 

The illustration above 
the complete Foxboro control | 
In addition to the temperatur: 
trol unit the instrument is equ 
with a time scale and a n 
index. The operator sets the t 
index to the point representi1 
total time for the dye oper 
At the end of the period the cont 
shuts off and the signal, show: 
the picture, lights. If the oper 
finds that the batch requires | 
time he merely sets the index 
the increase in time and the st: 
automatically turned on, the 
extinguished and the process 
tinues until the end of the pe: 
The operator always has before hi 
as a guide, a complete record of | 
operation in time and temperatu 
The possibilities for matching sh 
with this new control syste: 
unlimited. 

The Foxboro control unit 
furnished complete as sh 


mounted on an ebony asbestos panel with lamp bracket and access 


It can be easily mounted from the floot 


,ona machine or post, deper 


on the convenience for the particular installation. There 


no adjustable cams in this instrument. 


rr 


Tissue Abrasion Tester 
(H. Z. Schniewind) 


HIS new machine is designed for testing tissues and fabrics for wi 

and tear. The test-sample is fastened upon a metal base and subject 
to abrasion in different directions and, with interruptions, on different 
spots so that the fibres may rise again : 
from time to time. The sample is sub 
jected to a combined rotary and rolling 
motion, whereby it is rubbed against a 


rubbing plate under adjustable load. 

The abrasion is measured by determin- 
ing after a certain number of revolu 
tions either the loss of weight or the 
increase of air permeability. 
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The Herschel Oiliness Machine 


(American Instrument Co.) 


EVERAL attempts have been made to build dependable friction m 
chines with only moderate success. Perhaps the simplest machine is 
the block sliding down an inclined plane. As the angle of the plane ts slowly 
increased a point 1s reached at which the block begins to slide and the tan 
snt of the angle of inclination is the coefhcient of friction. The criticism 
+f this machine is that it is practically impossible to tell just when the block 
hegins to slide, and it is almost as difficult to reproduce the degree of smooth 
ness on the bearing surfaces, as they wear. 


Other machines using flat pegs 





as one member of the bearing couple, 
show a difference in coefhcient of 
friction with pressure. 

In order to qualify as a successful 
machine for determining friction 
such a machine must be free from 
both the above criticisms and also 
must be free from the effects of tem 
perature and vibration. The polish 
of the bearing surfaces must be 
readily and exactly reproduced to 
make readings comparable. 

The Herschel Oiliness Machine 
consists essentially of a motor driven 
disk carrying a specimen of metal to 
be tested upon which rests a tripod 
carrying 3 commercial 14” diameter 
hardened steel balls fixed between 
two plates. As the disk rotates the 
tripod tends to follow its motion 
being resisted by 2 spiral springs 
The greater the frictional force be 
tween the specimen and the balls 
the greater the tendency for the tripod to rotate and increase the spring 
tension. When the spring tension equals the frictional force between 
the tripOd and specimen the tripod begins to slip and continues to slip as 
long as the machine runs. 











By definition the coefficient of friction equals the force necessary to move 
a body divided by the weight of the body. In this case the weight of the 
tripod is easily determined with a balance. The actual weight is approxi 
mately 125 grams. The force exerted by friction between the tripod and 
specimen is measured by the degree to which the springs wind before slip 
ping takes place. The springs are carefully calibrated by placing kuown 
weights on the two scale pans shown in the cut and noting the deflection 
of the pointer over a graduated scale at the top of the instrument. Thus if 
a total weight of 25 grams causes a deflection of the pointer of 150°, the 
spring constant is 6, or in other words the springs exert a force of 6 grams 
per degree deflection of the pointer. 
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By properly controlling the physical dimensions of the instrume: 
made to read coefhcient of friction directly without the use of chai ts 
or conversion factors. 


The moving mechanisn rests on a sapphire jewel and is guided at tl 


by a hardened steel pivot riding in a bronze sleeve. By this construct 
friction in the mechanism becomes negligible. The instrument ca: 
damping chamber to eliminate the minor oscillations of the pointer 

The motor is mounted on soft rubber cushions and the drive is tl 

soft rubber belt. Thus no motor vibrations can be transmitted 
measuring mechanism. The whole instrument rests on another soft 1 
cushion to prevent building vibrations affecting the readings. 

The instrument is of value in the investigation of oiliness where 
pressures are high and speeds low and where incomplete film lubr: 
exists such as in gears transmitting heavy loads. 

Unlike most friction machines the bearing surfaces in this machi 
readily renewed. The balls may be rotated to a new position by 
loosening the two clamping plates with the fingers, turning the ball 
new position and again clamping the plates. The bearing metal speci 
re renewed by rubbing them on a piece of broadcloth covered with 
made of chromium-oxide and water. 

Very small differences in the coefficient of friction may be obtained 
this instrument. For instance, a few drops of lard oil in several our 
lubricating oil is readily detected. The difference in various bearing 1 
with the same lubricant can also be detected. 

Specimens of leaded bronze and white metal are ordinarly furnished 
the machine and the manufacturers are prepared to supply other 


where the purchaser furnishes the blanks from which they may be 
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New Gem Microscope 


(Bausch & Lomb Optical Co.) 
r XODAY the microscope opens up new worlds 


are as rich in discoveries as those brought to light 
explorers of unknown regions in times past. This s 
of adventure still lives in the youth of today and « 
satisfied in the school room or at home through the me 
of this instrument of optical science. 

The New Gem Microscope offers a wonderful 
tunity to explore the unknown mysteries of a d 
water, a fly's wing, or countless other minute orga! 
The New Gem is not a toy, but a scientifically 
structed instrument, and is produced with the sar 
tention to correct detail that characterizes the « 
B & L line of microscope and other instruments f 
oratory research work. 

The draw tube and double objective lens give: 
New Gem Microscope a range of magnifying pow 
from 75 to 300 diameters. There is a rack and 
adjustment for focusing, and the base is angled to f 
tate manipulation and may be removed for obser 


of objects too large for the stage. 
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Time Cycle Contactors 


(Automatic Temperature Control Co.) 


e YNTACTORS to enable carrying out a program of operations on a time cycle basis 


J are daily coming into greater use f uch \v he automatic operation of furnace 
sutomatically advancing the load in tin type furnace, automatically timing 
rial being heated or elect piated, automatic lubricat Nn, a matic operation of hy 
presses for tempering s | l hard 
ew of the time cycle contact developed by this Company, meet this varie 


‘(area , , ; 
ee beielly o porns be w and may be broadly classified under two general groups, 


Fig. 1 shows a Cy 
lesired sequence g and tl 
ma small synchronous motor, geared to desired time of cycle. Change gears permit altering 
2 of cycle. One cam is pinned to the cam shaft, but the others are held in spring tension 
are adjustable in relation to each other within the time of the cycle. Provision is made 
r shortening or lengthening the time of contact per cycle, and where necessary contacts can 
> provided of a type to quickly make and also quickly break their circuit. Progress of the 
> is shown by an indicator arm which travels around a graduated dial marked on a glass 
one end of the instrument case. The number of operati 1 given time may be readily 
ted as a totaling counter is tripped each cycle. Units of this type have been built with 
even contact discs and with a cycle of 96 hours, while others have been built with a cycle 
y a few seconds 
Fig 2 shows a Cycle Stop Type Be ctor which does not require change gears 
b 


ilter the time of cycle, this change being 


easily and quickly made by means of an 
djusting knob outside of the instrumen 


ise 

The zero adjusting screw permits accu 
sly setting the lower contact while the 
isting knob mentioned above is used to 


set the upper contact for any desired elapsed 


ty 


t 


ime within the dial range of the unit 


Motive power and means 
ming is obtained from a small 


ynchronous motor, which moves the 


] 


me contact arm clock-wise or 


lockwise, depending on par : 


ils are energized. 
th the Cycle Stop a 
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Analyzer for Sound Picture 
Installations 


HE Jewell Electrical Instrument Company has 
compact analyzer for checking sound picture 
inalyzer Consists OI four instruments mounted in 
he severe usage of service work. 

The analyzer ha 
7.5-75 amperes, 1.5 
volt ranges; 
vanometer with scale reading 
100, 444 ohms resistance, 
imperes full scale; and « 
tern 149 Galvanometer read 
150 microamperes. 

This carefully designed analyzer 
gives < | control 
screen grid, and plate readin; 

Means na complete tube 

tests, using the change in grid bias 

method and means for output 

measurements of both volume and 

quality, using variable pitch con 

stant frequency records or films are 

provided. A feature of this analyzer is that it provides means for 
photoelectric cell current on a microammeter with ranges of 15 and 
microamperes. 

The analyzer also provides means for measuring continuity and re 
sistance and phasing dynamic speakers. A complete set of binding post 
make all meter ranges available for testing independent of the analyzer. 

The use of a four-pole, twelve-position switch for pre “t} 
circuit and push buttons for operating the circuit makes operation 
inalyzer simple, rapid and safe. 


+ 


The analyzer is furnished complete with adapters 
for which is provided in the case. 
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Gurley Running Sheet Micrometer 
(W. & L. E. Gurley) 


HE Gurley Running Sheet Micrometer is a simple, accurate 

for measuring the thickness of the sheet of paper while it is 
paper machine. The measurement can be made within 8” from the 
while the paper is passing between 
the rollers of the micrometer 

The instrument is made of Lynite, 
light in weight, strong and rigid. A 
shell which surrounds the microme 
ter frame pre vides protection against 
warping due to temperature changes, 
and supports it when lifted. Accu 
rate, perfectly round, crowned rol 
lers replace the usual micrometer 
invil, offering little resistance to 
the passage of the paper. Readings 
on the dial may be taken to half 
thousandths of an inch, or estimated 
finer. 

The Gurley Running Sheet 
Micrometer is a practical, substan 
sully constructed instrument, for everyday use in the mill. B 
measuring the running sheet, it can be used as a bench micrometer 











—— 


New Three Position Pilot Switch 


(Cutler-Hammer, Inc.) 


Motor driven pumps, compressors, and similar machines whicl 
controlled by an automatic pilot device such as a float swit 
pressure switch, time clock, etc., often require some means of starting 
stopping the motor manually. This can be accomplished by the new thr 
position pilot switch. The operating lever can be placed in either 
“automatic, “off” or “manual” position. 

When turned to “automatic,” the automatic 

pilot device is in circuit and normal, auto 

matic operation is obtained. With the lever 

in the “off” position, the pilot circuit is 

opened and the motor cannot be started 

from any other control point. Turning the 

lever to the “manual” position closes the 

control circuit direct and the motor will run 

continuously regardless of any other control 

devices as long as there is operating voltage 

on the line. The construction is extremely 

simple. It consists of a two button push- 

button switch inside the case, the buttons 

of which are operated by a cam attached 

to the operating lever. The lever will re 

main in any one of the three positions. 
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American Instrument Co., 774 Girard St 
W Washington, D. ¢ 


! lard 


foots Co., 


iment tor meas 


WATER WORKS —_——o 


‘DIRECT READING HUMIDITY RE 
CORDER. sulle n SSO. 1930 t 


I 
ye 


V ” Phi adi acorkag Pa 
_TYCOS- ROC HESTER. 
. Rocheste 


What a Torn 


" PYROVISOR- A NEW POCKET 
METER. 4-page illustrates a 
scribes this opt pyrometer \met in Ds 


gh a n, 310 South Mic 


PYRO 


higan Ave 


SPECTROSCOPIC INVESTIO ATION 
print entitle Spe pic Investigat 
he ieinaral Com ituents of Textiles Ad 
Hilger, 24 Rochester Place, London, Englar 

MINIATURE RADIO TESTING es = 
MENTS. Leaflet « lescribes the Weston 
489. Weston El _ al Instrument Corpor 
tion, Newark, N. 

SPRING TESTING MACHINES. Leaflet 
illustrates the Elasticometer spring testing 
chines for tension and compression tests. ¢ 
Machine te ( "i Inc., 110 West 40th Street 
New York 

GAS SERVICE JOURNAL. The July 1 
contains the following: Natural Gas-Industria 
Fuel’s ‘‘Dark Horse;’’ Pioneering Natural Ga 
Sales in Pittsburgh, Pa.; and Better Method 
of Selling Conversion House Heating Equi, 
ment. Pittsburgh Equit able Meter Co., 400 
Lexington Ave., Pittsburgh, 

INSTRUMENTS FOR THE Paren AND 
PULP INDUSTRY. General catalogu 
struments covering temperature and 

t recorders and dic 
ters, level an 
Several re 
1 


ded. Tayl 








THERMOMETER AUTOMATIC CONTROL DATA 


1 | 
| P 
MOTORS AUTOMATICALLY CONTROLLIN 
EFFLUENTS g t of 


( 


RADIO SET TESTER AND TUBE CHECK 
ER ) ] & N 
P I 
COUNTER TUBE CHECKER 
CURRENT AND VOLTAGI RELAYS I t OO 
1 West I 


CURRENT METER. P 


I I 
RESISTANCE THERMOMETERS ' “rosea lag 
TELESCOPE SUPPORT 


GRAPHIC INSTRUMENTS 


RESISTANCE METER 


VOLT-OHMETER “seek rye 
M BAKELITE REVIEW. 1 


CYCLE SIGNAL-GRAPH 17 P D \ N. ¥ 
ELECTRIC MAGNETIC COUNTER 


Pr , Meter Ser 


— f 
\ x 


THE MOST COMPLETE HIGH 
TEMPERATURE SERVICE 


INSTALLATION - MAINTENANCE - REPLACEMENT 
ALL TYPES—ALL MAKES 


Write for Consolidated Price List 


CLAUD S. GORDON COMPANY 
SERVICE “THE HOUSE OF SERVICE’’ 


i \ yd Established 1914 
4 


Chicago Cleveland Indianapolis 

















SECONDS COUNT !! 
TIME CYCLE CONTACTORS 
“CYCLE STOP” and 
“CYCLE REPEATING” TYPES 
ONE SECOND Time In- 
terval Adjustments 
STURDY — ACCURATE — RELIABLE 
Automatic Temperature 
Control Co., Ine. 
Philadelphia, Pa. 








INSTRUMENTS 





SCHOPPER 


Precision Testing Machines 


“STANDARD THE WORLD OVER” 


For Testing ALL MATERIALS 


Abrasion 
Absorption 
Bending strength 
Bursting strength 
Density 

Detrition 
Elasticity 

Elongz 

Expansion 

“atigue 

Folding endurance 
Freeness 


Hardness 
Humidity 
Impact strength 
Moisture content 
Permanent set 
Porosity 

Shock 

Speed 

Tensile strength 
Thickness 
Dorsion resistance 


Weight 


Write for Descriptive Literature 


H. Z. 


72 Duane Street 


Sole 


igent U.S. 


SCHNIEWIND 


New York, N. Y. 


tf. and Canada 











M405 Test Plane 


Optical Test Planes for use in 
checking accurate plane surfaces, 
made in any size up to 20”, of 
hard glass, Pyrex glass or quartz. 
Inquir ies solic ile d 
THE GAERTNER 
SCIENTIFIC CORPORATION 


1201 Wrightwood Ave. Chicago, U.S.A. 














DIAL 


Comparators 
Amplifying Gauges 
Thickness Gauges 
Depth Gauges 
Thread Lead Gauges 


Pitch Diameter Gauges 


Cylinder Gauges 
Paper Gauges 


INDICATORS 


Fabric Gauges 

Rubber Gauges 

Tap Comparator Gauges 

Gear Toote Comparators 

Cutter Testing Gauges 

Internal and External 
Grinding Gauges 


Federal Products Corporation 
Providence, R. I. 


CHICAGO 


CLEVELAND 


DETROIT 





When writing to the above compar 








INSTRUMENTS 





BUYERS”? GUIDE 


Of instruments and devices for measurement, inspection or cont: 


If you are unable to find what you require in the Buying Section of INSTRUMENTS 
and we will obtain full particulars for you without charge. Give complete informat 
requirements. 








ABRASION TESTERS CAPACITANCE METERS CONTOUR MEASURING pp 
H. Z. Schniewind General Electric ( JECTOR 

ACIDITY RECORDERS General Kadio Co. Bausch & Lomb Optica 
Leeds & Northrup Co Rublecn Company CONTROLS, AUTOMATI: 
Rubicon Company CARBON DIOXIDE METERS Condensation 

AIR FLOW INDICATOR American Meter Co. Tagllabue Mfg. Co., ( 
Brown Instrument Co Brown Instrument Co. Damper 
Commercial Engg. Labs Charles Engelhard, Inc. Brown Instrument ( 


Foxboro Co. Foxboro Co. Charles Engelhard, | 
AIR METERS come & Aa Co. Foshan Ce a 
A Meter C ‘agliabue Mfg. Co., C. J Leeds & Northrup ( 
ee CARBON MONOXIDE METERS Tagliabue Mfe. C< 
Foxboro Company ican Biden Ce agliabue Mfg 
ALTIOETERS Chari Engelard, inc yl 
. eds & Northrup Uo. 9 ——w 
——— 3 og wn Inc. Tagliabue Mfg. Co., C. J iy ny oll a 
agliabue Mfg. Co., C. J. 3 strument ( 
Taylor Instrument Companies CATHETOMETERS . Foxboro Co. 
Gaertner Scientific Corp Filter R 
AMMETERS—Indicatin tor Fate 
General Electric ‘ “ha COE ene IST Re ht be caatrement 
eee MENTS Foxboro Co. 
General Radio Co. 
Jewell Electrical Instrument Co. CHRONOGRAPHS Float 
Rawson Elect. Inst. Co Gaertner Scientific Corp. Flow 
Westinghouse Elec. & Mfg. Co. CHRONOMETERS ‘ Brown Instrume ni’ 
Weston Electrical Inst. Corp Tagliabue Mfg. Co., C. J Foxboro Co. 
Recording CLOCKS—Gauge Board Gravity 
Bristol Company Brown Instrument Co. Foxboro Co 
Esterline-Angus Company Bristol Company Tagliabue Mfg. ( 
General Electric C« Foxboro Co Humidity 
ANEMOMETERS CLOUD fue POUR TEST AP- Bristol Company 


Taylor Instrument Companies PARAT Brown Instrument 


ARMATURE TESTING EQUIF- oar” Mfg. Co., C.J Charles Engelhard, | 
oxboro Co 
MENTS Resistance, Inductance, Special. } nid Clade 
General Radio Co. Leeds & Northru: 
ASPHALT TESTING + cea Rubicon Company ragliabue Mfe up 


Tagliabue Mfg. Co., C. J. COIL TESTING EQUIPMENTS Taylor Instrument | 


Westinghouse Elec. & Mfg. Co. 


ATTENUATION NETWORKS Leeds & Northrup Co. Humidity & Temperature 
General Radio Company Rubicon ¢ ompeny Bristol Company 
AUDIO-FREQUENCY OSCILLA- Westinghouse Elec. & Mfg. Co Brown Instrument ( 
oTORS COLORIMETERS Charles Engelhard, | 
General Radio Company Akatos, Inc. Foxboro Co. 
BALANCES Tagliabue Mfg. Co Claud 8. Gord 
COMBUSTION CONTROL Leeds & Nortt Ci 
Akatos, Inc. EQUIPM ENT eegs ¢ ortir ip 
H. Z. Schniewind Brown Instrument Co Tagliabue Mfg. Co., ( 
BAROMETERS—Aneroid Mercur- Cheries Engelhard, Inc. Taylor Instrument ( 
ial, Recording Leeds & Northrup ( » Co Liquid Level 
American Paulin System, Inc. COMMUNICATION MEASURING Bristol Company 
Bristol Company INSTRUMENTS Brown Instrument (< 
Tagliabue Mfg. Co., C. J. General Radio Company Esterline-Angus ( 
Taylor Instrument C ompanies COMPASSES Foxboro Co. 
a = rr temperature Taylor Instrument,Companies Claud 8. Gordon 


ter & 0 Taglisbue Mfg. Co., 
BATTERY TESTERS COMPARATORS “ides 


‘ Motor 

Co. 
Westinghouse Elec. & Mfg. Co. ik eel Corp Pressure & Vacuum 
Weston Electrical Inst. Corp. : : Bristol Company 


BOARDS: INSTRUMENTS Gaertner Scientific Corp. Brown Instrument ( 


General Electric Co. 


Foxboro C Charles Engelhard, | 
BRAKE TESTING METER ete Esterline-Angus Com; 


Leeds & Northrup Co. > : ’ Foxboro Co. 
BRIDGES, ELECTRICAL coeie-tagn Commas Claud 8. Gordon ( 
Capacities, Conductivity, Hoopes, General Radio Co Minneapolis-Honey well 
Inductance, Kelvin, Resistance, Leeds & Neethrep Co. Tagliabue Mfg. Co., 

Rubicon € Taylor Instrument C: 
CONDUCTIVITY M Y METERS Pyrometer 

Leeds & Northrup Co. Indicating, Recording, Controlling Bristol Company 

Rubicon Company Esterline-Angus Company Brown Instrument ( 
— = d + & Northrup Co. Charles Engelhard, In 

awson Eleo. Inst. Co. Claud 8. Gordon C 
CALORIMETERS—Gas CONCENTRATION RECORDERS Leeds & Northrup Co 

American Meter Co. Esterline-Angus Company Taylor Instrument C 

Burgess-Parr Co. Leeds & Northrup Co. Wilson-Maeulen Com; 
Peroxide, Oxygen Bomb CONSTANT SPEED & FRE Rate-Volume 

Burgess-Parr Co QUENCY SETS American Meter Co. 

Gaertner Scientific Corp Leeds & Northrup Co. Foxboro Co, 





INSTRUMENTS 











— 


Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 





Frequency Standards - Tube and Tuning Fork Oscillators - Resistance Boxes 
Bridges « Calibrated Inductors - Variable Air Condensers - Voltage Dividers 
Attenuation Networks - String Oscillograph + Thermionic and Oxide- 
Rectifier Voltmeters - Accessories: Rheostats, Transformers, Relays, etc. 


GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 
for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 

















WENNER RESISTANCES 
A new type of non-inductive, non-capacitive resistance 


for high frequency work, developed by Dr. Frank 
Wenner, chief of Resistance Section, Bureau of Standards. 


We are prepared to supply these resistances in units up to 10000 
ohms and in various decade combinations. Correspondence invited 


ELECTRICAL MEASURING INSTRUMENTS 
29 North Sixth Street PHILADELPHIA, PA. 











Lustre Meter according to Kieser 


Made by 
FRANZ SCHMIDT & HAENSCII 


Write for Literature to 
Sole Distributors 


AKATOS, INC. 


Engineering Puilding 114-118 Liberty Street New York City 





MADISON AVENUE at 112th STREET 
CLEVELAND, OHIO 


When writing to the above companies, please mention INSTRUMENTS 








Refrigeration 
Brown Instru 
Charles Engelt 
Leeds & Nort 
Westing! 


Spec lal 


Tachometer 
3 1h istr 
Fsterl 
Fe xborc { 


Leeds & Northruy 
Temperature-Time 
wn Instr 


Charles Engell 


Thermostat 


Brown | 1 

Charles Engel 

oxbor 

Miing 

MI f 

iay 

Westing! 
Thickness 

H 


Time 


tromberg lle 

lagliabue Mfg 
Vacuum 

rist 


nit Heate or 
\q 
alve Motor Over sted 


| 


Water Level 
Bristol ¢ ompany 
Brown heer me 
iste ~Angu 
Foxt oan ri) 
lagliabue Mfg. Co., 
COORINATOGRAPHS 
COUNTERS—Revoluti:s 
Bristol Company 
srown Instrument ‘ 
Lehmann & Michels 
H, Z. Schniewind 
Stroke 
Bristol Compan) 
Ksterline-A { 
Lehmann & Mi hel 
OUPLING TRANSFORMERS 


reneral Ka 


CURRENT RECORDERS 


ate Angus 
Leeds & Northrup 
{ peat REGUL ATORS 
ise Elec. & Mfg. ‘ 
{ vc Le C ‘OUNTERS 


CYLINDERS- GRADUATED 
i agli at i ( J 

DECELEROMETER” 

DEFORMETER (Beggs 

ithwark Fdy. & Mact 

DEMAND METERS 

Gas 
5) Meter 


Electric 


DE NSITOMETERS 
In 
DENSOMETERS 


DIVIDING HEAD 
Optic al 
& Lomb Opt 

DIVIDING MAC HINES 

tner Sclentihe Cory 
DRAFT GAGES—see Gages 
DYNAMIC BALANCING 

yan sea sy tl 


1 


EARTH ( URRENT METERS 
Inst. 

ELECTRIC TELEMETER 
outhwark Hdry. & Mac 

ELECTRIC 

TIONS 

EMPLOYEES’ “IN AND OUT” 
TIME RECORDERS 


tr 


ENGINE TNDIG ATORS 


EXTENSOMETER. 
H. Z. Schniewind 
Southwark Fdry. Ma 

FATIGUE TESTERS 

FAULT T FINDERS, 


pone 


al 
& Nx 
( 


W est n I ‘am ~ai Inst Cort 
FLASH & BURNING POINT 
TESTERS 
tos, a 


77 str nt 
FLOW METERS. 
American Meter ‘ 
I Instrumer 
Meriam Cc 
FLUXMETERS 
“yesodnd wthrup Uo 
1 Electrical Instr 
FOLDING TESTER 
Z. Schnier 
FREQUENCY METERS 
——s 
well inle ctr 
Leeds & tN orthrup ( 0. 
Westinghouse Elec. & Mfg. C« 
Weston Elec. Inst. Corp 
Controlling 
s & Northrup Co. 
Recording 
Bristol Company 
Esterline-Angus Compar 
Leeds & Northrup Co. 
Standards 
General Radio Co 
FUEL ANALYSIS APPARATUS 


2 


Burgess-Parr Co 


WAVE "FILTER SEC- 


al Instrument C¢ 


“er FLOW INDICAT( 


lal Lngg 
GAGE RODS 
lagliabue Mfg. ¢ 
GAGES 
Absolute Pressure 


Amplifying 
B. C. Ame 
Federal Pr 
C onparacer 
3, ( eg 
Fede ral P ro 


Cylinder 
B.C. Ar 
leral Product 


Depth 


es Co 


Differential Pressure 
American Meter 
Brown In 


Foxboro ( 


Meriam Co 

lagliabue Mfg. ‘ 
Draft 

Bri 


{ ry 10! | 

Meriam Co 

lagliabue Mfg. ( 

l'aylor Instrument ( 
Drill 

Bausch & Lomb ( 
Grinding 

Federal Products ‘ 
le Level 

ristol Company 
B rown Instrumet 


iylor fa strument ( 
Loss of Head 
~ rown Instrume 
»xxboro Co 
Meri am Co. 
Pitch Diameter 
Federal Products ¢ 
Pocket 
H. Z. Schniewind 
Pressure 
American Meter Cx 
Bristol] C ympany 
Brown Instri iment ( 
Be xxboro Co. 
1S Gord 
Leed is & No sethr 
Meriam Co, 
lagliabue Mfg. C 
Taylor Instrument ‘ 
Pressure-T emperature 
sristol Company 
3rown Instrument U« 
Foxboro Co. 
Claud 8. Gordon ‘ 
Leeds & Northrup ‘ 
Tagliabue Mfg. Co 
Taylor Instrument ‘ 





Pressure & Vacuum 
i | Company 
Brown Instrument Co 
harles Engelhard, Inc. 
ro Co. 
| Electric C« 
S. Gordon ( 
& Northrup Co 
riam Co. 
sliabue Mfg. Co., C. J 
1 Instrument Companies 


bh & Lomb Optica] Co 


Taylor Instrument Companie: 
Recording 

Distance 

Bristol Company 

Brown Instrument Co 

Esterline-Angus Company 

5. Gordon ¢ 

Strain 

Southwark Fdry. & Mach. Ce 
Thickness 

B. C. Ames Co 

Esterline-Angus C¢ 

H. Z. Schniewind 
Volume 

American Meter Co. 

Brown Instrument Co 

Foxboro Co. 

Meriam Co. 
Water Level for Boilers 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 
Wind 

Brown Instrument Co. 

Taylor lostrument Companies 
GALVANOMETERS 

Brown Instrument Co 

Charles Engelhard, Inc 

General Radio Co. 

{ 1S. Gord n Ue 


ympany 


Jewell Electrical instrument C« 
eeds & Northrup Co 
ibicon Company 
We stinghouse Elec. & Mfg. ( 
Weston Electrical Inst. Cory 
GAS ANALYTICAL METERS 
Chemical 
American Meter Co. 
Tagliabue Mfg. Co., C. J 
Electrical 
Brown Instrument Co. 
Charles Engelhard, Ine. 
Leeds & Northrup Co. 
GAS LEAK INDICATORS 
Taylor Instrument Companies 
GAS-METERS 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 
GASOMETERS 
American Mete’ 
GEOPHYSICAL INSTRUMENTS 
Akatos, Inc. 
GOVERNORS 
Laboratory Dry & Wet Gas 
American Meter Co. 
Pressure 
Bristol Company 
srown Instrument Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J. 
ump 
Tagliabue Mfg. Co., C. J. 
GLASS a TESTERS 
Akatos 
GREASE Tesring APPA. RATUS 
liabue M fg. ie 
GRO ND DET CTORS 
Leeds & Northrup Co. 
Rubicon Company 
Westinghouse Elec. & Mfg. Co. 
Weston Electric Inst. Corp 


INSTRUMENTS 


GROUND-OHMER 
Leeds & Northrup Co. 
Herman H. Sticht & Company 


GYPSUM TESTING INSTRU- 
MENTS 


H. Z. Schniewind 


HARDNESS TESTERS 
Ak atos, Inc. 
Claud 8. Gord ( 
i. Z. Schniewind 
Wilson-Maeulen Company, | 
HARMONIC ANALYZERS 
Leeds & Northrup Co 


HELIOSTATS 
Gaertner Scientific Cory 
HIGH FREQUENCY APPARATUS 


HIGH VOLTAGE 
Indicators 
Measuring Devices 
lena Eh t ( 
Westir yuse Klec. & Mfg. ¢ 
Testing Devices 


Westinghe ise ‘Ele & Mfg 
HUMIDITY CONTROLLERS 

Bristol Company 

Charles Engelhard, Inc 

Foxboro Co. 
HUMIDITY RECORDERS 
Wet & “1, Bulb Thermometers 

Bristol Company 

Brown hk ystrument Cx 

I eeds & Northrup Co 

lagliabue Mfg. Co., ‘ 

laylor Instrument Com 
HYDROGEN ION METERS 
Indicating 

Leeds & Northrup Co 

Rubicon Company 
Controliing, Recording 

Leeds & Northrup Co 
HYDROMETERS 

Le mong ye Mfg. Co., C. J 

Taylor Instrum ent Cot 

HYGROMETERS 

ore wn Instrument ( 

» Co. 
‘Schniewind 
Tagliabue Mfg. ( iho 
Taylor Instrument ( 


a ig HARONESS TESTER 


| 


H 
IMPACT TESTING MACHINES 
Akatos, Inc. 
H. Z. Schniewind 
Alternating 
INDICATORS See Gauges 
INDUCTANCES 
General Radio Co. 
Rubicon Cor npany 
gt er BOOKS 
Instruments Publis 
INSTRUMENT CALIBRATION 
AND REPAIRS 
{ 15. GVord { 


Jewell H — a urnent ( 
INSTRUMENT "TRANSFORMERS 


Jowll E lectri sal ‘we trument 
Westinghouse a & 
Weston Electrical Ir 
INSULATION TESTING EQUIP- 
MENT 


Mie. ( 


Leeds & North om 0 
~ ul icon Com any 
estinghouse Elec ifg 

INTEGRAPHS & INTEGRATORS 

Leeds & Northrup ‘ 
INTERFEROMETERS 

Gaertner Scientifi ort 
JOB TIMING RECORDERS 


Strom berg Electric 


KEYS AND SWITCHES 
General Radio Uo 
I once & x rthrup Cc 
any 
KILNBOY 
KILOVOLT a METERS 
KLYDONOG ceaiaas 
Westingh 
LACTOMETERS 
wliabue Mfg. ( 


ise Ele 


LENGTH MEASURING 
MACHINES 
saertner Scient 

LEVELS 

Centering 


Enginerr’s, Wye, Precision 
Prism 
Inst 
LIME TESTING INSTRUMENTS 
LOC OMOTIVE INDIC ATORS 
4 \ els 
LUSTER METERS 


Akatos, In 


MAGNE TOMETERS 


MANOME TE RS 


Meriam ( 
MASTER CLOCKS 
Gaertner Scient 
t erg | t 


ME eS BOOKS 


MEG OHMMETERS 


eeds 


Herman H j 
MEGOHM VOLTMETERS 

Jewell Electrical Instrument 

Weston Electrical] Ir st. Cort 
MELTING POINT APPARATUS 


lagliabue Mfg. ¢ ( 
aay Sane shag yr, G as 


METER TESTERS, Gas 
merican Meter 
MIC cROMETERS 
rtner Scie 


mic ROAMMETERS 


a RO PYROMETERS 
katos, lr 

MICROSCOPES 

Brinell 


Metallographic 
Akatos, Ir 


‘ 





INSTRUMENTS 





Petrographical 
Akatos, Inc. 
Bausch & Lomb Optical Co 
Spencer Lens Co. 
Toolmakers’ 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp. 
Spencer Lens Co 
MICROTOMES 
Bausch & Lomb Optical Co. 
Spencer Lens Co. 
MILLIAMMETERS 
Charles Engelhard, Inc. 
General Electric Co. 
General Radio Co. 
Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co 
Weston Electrical Inst. Cor 
Wilson-Maeulen C: ame * 
MILLIVOLTMETE 
Bristol —— 
Charles Engelhard, Inc. 
General Electric Co. 
Jeweli Electrical Instrument Co 
Rawson Electrical Instrument Co 
Taylor Instrument yo? 
Weston Electrical Inst. Corp. 
Wilson-Maeulen Company, Inc. 
MOTOR RADIATOR VALVES 
Minneapolis-Honeywell Co. 
MOTION RECORDERS 
Mechanical 
Bristol Company 
Foxboro Co. 
Lehmann & Michels 
MULTIMETERS 
Rawson Electrica] Instrument Co 
MULTIPLIERS 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Weston Electrical Inst. Corp. 
NEON FILLED TUBES 
Argco Laboratories, Inc. 
NEPHELOMETERS 
Akatos, Inc. 
OHM METERS 
General Radio Co. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Rawson Eiectrical Instrument Co 
tubicon Company 
Herman H. Sticht and Company 
Weston Electrical Inst. Corp 
OIL METERS 
Claud S. Gordon Co. 
OIL TESTING APPARATUS 
General Electric Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
OPERATION RECORDERS 
Electrical 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co. 
Taglie ue Mfg. Co., C. J. 
ORIFICE METERS 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 


ORSAT APPARATUS 
OSCILLOGRAPHS 


General Electric Co 

General Radio Co. 

Westinghouse Elec. & Mfg. Co. 
OXYGEN RECORDERS 

Charles Engelhard, Inc. 

Leeds & Northrup Co. 

Tagliabue Mfg. Co., C. J. 
PANTOGRAPHS 

Gaertner Scientific Corp. 
PERFORMANCE METER 
PERMEAMETERS 

Leeds & Northrup Co 

Rubicon Company 


PAPER TESTING INSTRU- 
MENTS 


H. Z. Schniewind 
Spencer Lens Co. 
PERISCOPES 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
PHASE INDICATOR 
Westinghouse Elec. & Mfg. Co 
PHASE SEQUENCE INDICATOR 
Herman H. Sticht Co. 
PHOTOELECTRIC COLOR 
ANALYZERS 
General Electric Co 
PHOTOELECTRIC COLOR COM- 
PARATOR 
General Electric C¢ 


PHOTO-ELECTRIC TUBES 
General Electric Co 
PHOTOMETERS 
Akatos, Inc. 
American Meter Co. 
Gaertner Scientific Corp. 
Bausch & Lomb Optical Co. 
Leeds & Northrup Co. 
PHYSICAL TESTING MA- 
CHINES 


Claud 8. Gordon Co 
Lehmann & Michels 

H. Z, Schniewind 

Southwark Fdry. & Mach. Co 

PITOT TUBE METER 
Brown Instrument Co 
Foxboro Co. 

PLANIMETERS 

Automatic Flow Record 
Brown Instrument Co 

Linear 
Brown Instrument Co. 
Lehmann & Michels 

Radiat 
American Meter Co. 

Bristol Company 
Foxboro Co. 

Square Root 
Foxboro Co. 

POLARISCOPES 
Akatos, Inc. 

Gaertner Scientific Corp. 

POSITION RECORDERS 
Bristol Company 
Esterline-Angus Company 
Foxboro Co. 

POTENTIAL DETECTORS 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co 

POTENTIOMETERS—Indicating 
Brown Instrument Co 
General Electric Co 
Claud 8. Gordon Co 
Leeds & Northrup Co. 
Rubicon Company 

Recording & Controlling 
General Electric Co 
Claud 8. Gordon Co 
Leeds & Northrup Co. 

POWER FACTOR METERS 
Esterline-Angus C ompany 
General Electric Co. 

Jewell Electrical Instrument Co. 
Westinghouse Elec. & Mfg. Co 
Weston Eelectrical Inst. Corp. 

POWER FACTOR REGULATORS 
Rubicon Company 
Westinghouse Elec. & Mfg. Co 

PRESSURE RECORDERS 
Esterline-Angus Company 
Foxboro Co. 

PRICESS TIMING AND SIG- 

NALING INSTRUMENTS 
Stromberg Electric Co. 


PROGRAM INSTRUMENTS 


Stromberg Electric Co. 


PROJECTION LANTERN 
Bausch & Lomb Optica 
Spencer Lens Co. 

PROTRACTOR 

Optical 
Bausch & Lomb Opt 

PSYCHROMETER 

Recording 
Bristol Company 
Foxboro Co. 

Leeds & Northrup C 
Tagliabue Mfg. Co., | 
laylor Instrument ( 

Sling 
Taylor Instrument ( 

PYROMETERS 

Optical 
Claud 8. Gordon ¢ 
Leeds & Northrup C« 
Pyrometer Instrument 

Radiation 
Indicating 
Brown Instrument C 
Claud 8. Gordon ( 
Leeds & Northrup Co 
Pyrometer Instrument 
Taylor Instrument Cor 
Recording 
Brown Instrument C: 
Leeds & Northrup Co 
Taylor Instrument Cor 

Thermo-electric 
Immersion 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, In 

aud 8. Gordon C¢ 
Leeds & Northrup ( 
Pyrometer Instrument ( 
Taylor Instrument Cc 
Wilson-Maeulen Compa 
Indicating 
Bristol Company 
Brown Instrument Co 
Charles E ngelhard, In 
Claud 8. Gordon ¢ 
Leeds & Northrup C 
Taylor Instrument Compa 
Westinghouse Elec. & Mfg 
Wilson-Maeulen Compat 
Recording and Controiling 
Bristol Company 
Brown Instrument C. 
Charles Engelhard, In 
Claud 8. Gordon ( 
Leeds & Northrup Co. 
Taylor Instrument Comp 
Wilson-Maeulen Cormpar 
Surface Contact 
Bristol Company 
Brown [nstrument Co 
Charles Engelhard, Inc 
Claud 8. Gordon ¢ 
Leeds & Northrup Co. 
Pyrometer [nstrument ( 
Taylor Instrument Compa 


RADIO oe OS 
ORS 


General Radio Company 
RADIO SET ANALYZERS 
General Radio Company 
Jewell Electrical Instrur 
Weston Electrical Inst. ( 
RADIO TUBE CHECKERS 
General Radio Company 
Jewell Electrical Instru 
Weston Electrical Inst 
RADIO TEST PANEL 
Jewell Electrical Instru 
Weston Electrical Inst. ‘ 
REFRACTOMETERS 
Akatos, Inc. 
Bausch & Lomb Optica’ 
Spencer Lens Co 


REGULATORS—See Contr 
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RELAYS 


Crene 


il Electric Co. 


General Radio Co. 

sud 8. Gordon Co. 
Jewell Electrica: Instrument Co 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 


REMOTE METERING EQUIP- 
MENT 


Bristol Company 

Brown Instrument Co. 

General Electric Co. 

Leeds & Northrup Co. } 

Westinghouse Elec. & Mfg. Co. 
RESISTANCES— Evectricai 

General Radio Co. 

Leeds & Northrup Co. 

Spencer Lens Co. 
RHEOSTATS | 

General Radio Co. 

Rubicon Company 

Spencer Lens Co. 
ROTOSCOPE 

Commercial Engg. Labs. 
RUBBER TESTING INSTRU- 

MENTS 


H. Z. Schniewind 
SACCHARIMETERS 
Akatos, Inc. 
Bausch & conib Optical Co. 
Spencer Lens Co. 
Taylor Instrument Companies 
SACCHROMETERS 
Tagliabue Mfg. Co., C. J 
SALINITY INDICATORS 
Aubicon Company 
SCALES 
Amthor Testing Instrument Co 
Gaertner Scientific Corp. 
H. Z, Schniewind 
SCRATCH HARDNESS TESTER 
SEISMOGRAPHS 
Akatos, Inc. 
SERVICE RECORDERS 
Esterline-Angus Company 
SHUNT METERS 
SHUNTS 
Ksterline-Angus Company 
Jewel! Electrical Instrument Co 
Leeds & Northrup Co. 
Rubicon Company 
Weston Electrical Inst. Corp. 
SIGNALLING DEVICES—Auto- 
matic 
Brown Instrument Co. 
Stromberg Electric Co. 
SLIDE RULES 
SOIL PRESSURE CELLS 


SPECIAL INSTRUMENTS 
Burgess-Parr Co. 
Meriam Co. 
H, Z, Schniewind 

SPECIAL ELECTRICAL IN- 

STRUMENTS 

Brown Instrument Co. 
Charles Engelhard, Inc. 
Esterline-Angus Company 
General Radio Co. 
Jewell Llectrical + Co. 
Leeds & Northrup 
Rawson Electrical ins Co 
Rubicon Company 
Weston Electrical’ Inst. Corp. 


SPECIAL RECORDING DEVICES 
Esterline-Angus Company 


a gs GRAVITY APPARATUS 


American Meter Co. 
SPECTROGRAPHS 


Gaertner Scientific Corp. 


SPECTROSCOPES 
Akatos, Inc. 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
Spencer Lens Co. 
SPECTROPHOTOMETERS 
Akatos, Inc. 
Bausch & Lomb Optical Co. 
Gaertner Scientifie Corp 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Esterline-Angus Company 
STANDARD CELLS 
Weston Electrical Inst. Corp. 


STEEL TAPES 
STOP WATCHES 
American Meter Co 
STRAIN GAUGE 
Southwark Fdry. & Mach. Co 
STRESS INDICATOR 


STROBOSCOPES 
Argco Laboratories, Inc. 
Commercial Engg. Labs. 


SULPHUR DIOXIDE METERS 
Arerican Meter Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
SULPHUR DETERMINATION 
APPARATUS 
Burgess-Parr Co. 
Tagliabue Mfg. Co., C. J. 
SUNSHINE RECORDERS 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Taylor Instrument Companies 
etl tog CATALYST 
EQUIP 
SURGE =n 
General Electric Co. 
SURGE RECORDERS 
Esterline-Angus Company 
General Electric Co. 


SYNCHRONIZING FORKS— 
Electrical 

General Radio Co. 

Leeds & Northrup Co. 
TACHOSCOPES 

Brown Instrument Co. 
TACHOMETERS 

Amthor Testing Instrument Co. 

Bristol Company , 

Brown Instrument Co. 

Ksterline-Angus Company 

Foxboro Co, 

Jewell Electrical Instrument Co. 

Leeds & Northrup Co. 

Pyrometer Instrument Company 

H. Z, Schniewind 

Herman H. Sticht & Company 

Westinghouse Eiec. & Mfg. Co. 

Weston Electrical Inst. Corp. 
TELESCOPES 

Bausch & Lomb Optical Co. 

Gaertner Scientific Corp. 
TENSILE TESTERS FOR PAPER 
WIRE, SHEETS, ETC 

Amthor Testing Instrument Co. 

H, Z. Schniewind 
TENSIOMETERS 

American Paulin System, Ino. 
TENSOMETER ay gm 

Southwark Fdry. & Mach. Co 
TESTERS, Gas 

American Meter Co. 
TESTING MACHINE— 
Universal 

Claud 8. Gordon ¢ 

H, Z. Schniewind 

Southwark Fdry. & Mach. Co 


TEXTILE TESTING IN- 
STRUMENTS 
H. Z. Schniewind 
THEODOLITES 


THERMIONIC OXIDE RECTI- 
FIERS 


General Electric Cu 


THERMO-JUNCTIONS (Electric) 
General Radio Co. 
Rawson Electrical Instrument Ca 


THERMOMETERS 


Gas Filled 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Claud 8. Gordon 
l'agliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
Mechanical 
American Meter Co. 
Brown Instrument Co 
Foxboro Co. 
Tagliabue Mfg. Co. C. J 
Mercurial 
Claud 8. Gordon Co 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


Resistance 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Claud 8S, Gordon Co 
Leeds & eo ay ag Co. 
Wilson-Maeulen 
Vapor-Tension 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Claud 8. Gordon Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Claud 8, Gordon Co 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument C ompanies 


THERMOSTATS 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Claud 8. Gordon Co 
Minneapolis-Honeywell Co. 
laylor Instrument “ao 
Tagliabue Mfg. Co., C 


TIME OPERATION RECORD- 
ERS 


Bristol Company 
Esterline-Angus Company 
Foxboro Co. 

Claud 8. Gordon Co 
Tagliabue Mfg. Co., C. J 


TIME RECORDERS 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus C ompany 
Gaertner Beientiic Corp. 
Claud 8. Gordon Co 
Foxboro Ce 

TIME SWITCHES 
General Electric Co. 
Claud 8. Gordon Co 
Westinghouse Elec. & Mfg. Co 

TIME STAMPS—Automatic 
Stromberg Electric Co. 


TIME SYSTEMS—Electric 
tromberg Electric Co 





TIMERS 
Leeds & Northrup Co. 
Rawson Elec. Inst. Co. 
Stromberg Electric C« 
TINTOMETER 
TORSIOGRAPH 
Lehmann & Michels 
TRANSFORMERS 
Esterline-Angus Company 
General Electric Ce 
General Radio Co. 
TRANSITS 
Engineer’s, Surveyors, Mine 
Gaertner Scientific Corp 
Pocket 
Taylor Instrument Companies 
TUNING FORKS—Electrically 
Driven 
General Radio Co 
Gaertner Scientific Corp 
Rubicon Company 


“U" TUBE MANOMETERS 


Amthor Testing Instrument Co 


Meriam Co. 


VACUUM RECORDERS 
Bristol Company 
Msterline-Angus Company 
Foxboro Co. 


VACUUM TUBE BRIDGES 


General Radio Company 


VALVES 


Automatic Shut Off 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc. 
Foxboro . 0. 

; ted Mig. Co °C J 

Balanced 
Brown Instrument Co 
Foxboro Co. 

Claud 


S. Gordon C 
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Diaphragm 
Bristol Company 
Foxboro Co. 
Claud 8S. Gord 0 
Tagliab ue Mig. Co., C. J 
Taylor Instrument Companies 
Electrically Operated 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc 
General Electr ( 


fal 
i] 


Reducing 
{ 

Tagliat ue Mfg ( °C J 
Regulating 

Brown Instrument C 

Charles Engelhard, Inc 

Foxboro Co. 

Claud S. Gordon ¢ 

Minneapolis Honey well Co 

lagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Safety, Fuel Shut-off 

iud S. Gordon ¢ 

Minne ea polis-Honey well Co 

Tagliabue Mfg. Co., 
VENTURI METERS 

Brown Instrument Co 

Foxboro Co 
VIBROGRAPH 

Commercial Engg. Labs 

Lehmann & Michels 
VIBROMETER— DAVEY 

Commercial Engg. Labs 
VIBROSCOPE 

Commercial Engg. Labs. 
VISCOSIMETERS 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
VISCOSITY TUBES 
VOLTAGE DIVIDERS 


General Radio Co 


et wane soy 


ewell Electric al Instr 
Wastieck 1ouse Elec. & 
Weston Electrical Inst 
VOLTMETERS 
Indicating 


General El 

General Radi or 
Jewell | levtrical Inst 
Leeds & Northrup ( 
Rawson Electrical Inst 
Westinghouse Ele & M 
Weston Electrical In 


Recording | 


Leeds & Northrup ( 

Westinghouse Elec & M 
Thermionic, Oxide Rectifer 

General Radio C 


WATER METERS 
Foxboro Co 


baad & SEDIMENT APPA 
TUS 


Tagliabue Mfg. Co., ( 
WATTHOUR METERS 

General Electr 

ere Ele & M 
WATTMETERS 
Indicating 

General Electr 

Jewell E lec vty 

Rawson Electri ( 

Westinghouse [le« 

Weston Electrical in 
Recording 

Bristol Company 


General Electr 
WAVEMETERS 
General Radio Co 
WAX MELTING APPARATU 
Tagliabue Mfg. Co., ( 


The Minneapolis i meywell Regulator Company will sponsor 
week radio program by me Minneapolis Symphony Orchestra 


Columbia Broadcasting Sys 


em of twenty-two stations. 


This wae! 


direction of the poor rated conduct Henri Verbrugg! 
American sine In addition to 
they have been enthusiastically rece 
ted in their annual tours. 


“This unusually fine radi stated Mr. 
president, Minneapolis-Honeywell Re gulator Company, “will c 
automatic heat to millions of listeners throughout the « 
This program is also indicative of the sales and advertising activity p! 
by our company for the coming months. In line with an expans! 
production which has added more than $50,000 to the annual pay: 
the company, the Minneapolis-Honeywell Regulator Company 1s et 
its distribution facilities by oP ening three new branch offices in imj 
trade centers. The increase in payroll indicates a firm belief on tl 
of the management that ait conditions are due to improve wit! 
next few months which will improve the market for the varied | 
heat control equipment.” 


under the 
one of the 
concerts in Minneapolis, 


music lovers In the cities V1s1 


leading their 


) pr OT B. Swe itt 


message of 
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Ames Micrometer Gauges 


for speed and extreme accuracy 
For almost every testing and measuring re- | 
quirement—Precision Instruments for laboratory | 
use Upright Dial Gauges—Thickness Gauges 
Dial Gauge Heads— Pocket Gauges Com- =~ 4 
parators — Densimeters Lens Measures 
Halftonometers — Paper Gauges Rubber 
Gauges—Automotive Gauges. 





Send for complete 
information obout them 


B.C.AMES CO., Waltham, Mass. 


Detroit Office, 902 Stephenson Bldg. 


ADVERTISERS? INDEX 


A M 
114-116 | t st., New 7 


























New! 


Don’t buy that high-range insulation 


testing outfit until you get details on 
the New Paragon constant-pressure 
Megohmer. Available in ranges 
from 0-1,000 megohms to 6-10,000 
megohms with generators rated 400 
to 2,500 volts D. C. 


wy 


Herman H. Sticht & Co. 


21 PARK ROW, NEW YORK, N.Y. 

















INSTRUMENTS 


INDEX CARD SECTION 
A file card index will be a valuable asset. It is suggested that this index information 
mounted on cards, and filed in your desk or in a file box on top of your desk. You 


have within easy reach an index of instrument information of incalculable val 








Tue HANbBOOK ofr INDUSTRIAL INSTRUMENTS 
M. F. BEHAR, INSTRUMENTS, Vol. 3, No. 9, September, 1930 pages 549-57 
Chapter IX. Industr H ‘ , T ‘ P 


th 
e with rega 


MEASUREMENTS—INDUSTRIAL AND SCIENTIFIC 

DR. WALTER BLOCK, INSTRUMENTS, Vol 
590, 2 figs. 
Chapter VII. M 


MEASUREMENT OF AIR FLow 
E. OWER, INSTRUMENTS, Vol. 3, No. 9, September, 1930 pages 581-5% 
Chapter VI is Tr A _ Pe . f f mt , 


a sha NT 











VVVVV VV VY VY VV VV" 
Are You Using The 


INDUSTRIAL INSTRUMENTS 
INSTRUMENTS | pOOK SHELF 


For a Wide Variety of 
Industrial Application: 
Stan The Book Department 
UNngine indicators Ne MITC 
pos 6" ' ‘on STRUMENTS is in_positior 
Torsion Indicators sie , blished 
Vil 7 - t supply any published w 
ipration Vieasuring 
. & instruments at the regula 
Instruments ' 
Physical Testing 
Machines Send for our latest list. 
Special Devices us for any book you desire 
Our English Catalog Furnished secure—if it is in print, we 
Without Obligation. ; 
get it for you promptly. 








lisher’s price. 





Write 
Lehmann & Michels 


Abt. P. I, Hamburg-Altona, 
Germany AAAAAAAAAAAAAAAAAS 


Instruments Book Shelt 
3619 Forbes Street Pittsburgh, Pa 

















Keep a Humidity Record 


With the 
Tycos 
Recording 
Hygrometer 


HIS fine Instrument has made a 
place for itselfin many Industries 
and successful applications have 
proved its) worth. The Tyeos 


Recording Hygrometer keeps a 


Pyrometers 

iinbhieieanteie 24-hour record of both wet and dry bulb 

Oe temperatures in different) colored — ink, 

Regulators allowing easy comparison and quick 

Recorders readings. 

Barometer a +a a 

‘ - — Wherever air is conditioned and humidity 

Saccharimeters . 

‘ controlled, there should be installed = a 

Altimeters pam ‘i , 
Tyveos Recording Hygrometer to give a 

Hygrometers : : : ; 

Sint etiateae continuous, permanent record of both the 

Hydrometers temperature maintained and the relative 

Compasses humidity. 

And many others We would like to send you a Catalog deserib- 


Write for Catalogs ing this Instrument. Ask for Part 1300. 


Taylor /nstrument Companies 


ROCHESTER, N. Y., U.S.A. 


SmB SIXTH SENSE OF LN UST ky 


et Tem cafe ture Instruments 


INDICATING RECORDING ~ CONTROLLING 





a 














Below: Bristots Double Service 
Distance Ly pe Air Operated 


Demperature Controller 


Air Valve Cap 

Air Valve Ball 

Air Valve Seat 

Air Valve Spring 

Air Valve Pin 
Incoming Air Passage 
Controller Valve Chamber 
Outgoing Air Passace 
Diaphragm Motor Valy 


Feature Unique Air Valve Design 


Bristol’s Air Oper- As shown in the above illustration at simplicity of desig 
' . . (AA) the Air Valve Cap extends through 
ated Control Equip- 

front of instrument case. o Inspect . 
ment has thor- it is not necessary to take off the entire ready accessibil 
oughly proven its front cover of controller case: simply important opera 


1 +1: ‘ unscrew the cap (A) or (A). and lift out 
dependability under ‘ ‘ J ‘ 

a ? a air valve (2) to which spring (4) is at- 
all kinds of indus- tached. The valve seat (3) is then ex- ularly appea 
trial service condi- posed almost flush with front of case. those responsibli 

. . o re-assemble, screw valve cap (1) into 
tions. Suitable db ath 

7 position again. The controller is im- 
equipment can be mediately ready to operate—no further tion 
furnished to auto- adjustments are necessary. In fact. ance. spe cial 

. no adjustment will be required regard- 
matically control | aiseasganr 7 oo ele: 

: . less of length of time the instrument 
either temperature remains in service to the i 
or pressure tem- **heart of the cor 
peratures up to system. 
around 700°F., and Controller 
pressures up to 400 Pounds per illustrated in detail above 

: . ; 
Square Inch. Installations have Due to the fact that this valve 
also been made to automatically erns the efficient operation 
control the element of time in con- whole control unit, its eviden 
nection with processes requiring sibility for inspection, 
several different operations. interchanging, or replacem 

Among other outstanding features be appreciated. 


THE BRISTOL COMPA 


Waterbury. Conn. 


Boston Philadelphia Akron Chicago St. Louis 
New York Pittsburgh Detroit Birmingham Denver 


ruggedness, and | 


parts should par 


instrument op 
and maint 


such design pert 








